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HEAT RELEASING MEMBER, PACKAGE FOR ACCOMMODATING 
SEMICONDUCTOR ELEMENT AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a package for 
accommodating a semiconductor element having a heat release 
structure with good heat releasing properties and a 
semiconductor device using the same . Furthermore, the present 
invention relates to a heat releasing member and a package for 
accommodating a semiconductor element having a heat release 
structure with good heat releasing properties, and a ' 
semiconductor device using the same. 

2. Description of the Related Art 

Conventionally, a semiconductor-element-accommodating 
package for accommodating a semiconductor element is generally 
formed of an insulating frame made of an electric insulating 
material such as aluminum oxide sintered substances, mullite 
sintered substances, or glass ceramic sintered substances, a 
heat" releasing member on which a semiconductor element is 
mounted for satisfactorily releasing heat generated during 
operation thereof to the air and that is made of an alloy 
material of copper and tungsten or an alloy material of copper 
and molybdenum, and a lid. The insulating frame is provided 
so as to surround a portion on the upper surface of the heat 



releasing member on which the semiconductor element is mounted, 
and a plurality of wiring conductors made of tungsten, 
molybdenum, manganese, copper, silver or the like are attached 
and extended from the inside to the external surface of a recess 
formed by the insulating frame and the heat releasing member. 
Then, the semiconductor element is adhered and fixed onto the 
portion on the upper surface of the heat releasing member on 
which the semiconductor element is mounted via an adhesive .such 
as glass, resin, or brazing materials, and each electrode of 
the semiconductor element is electrically connected to the 
wiring conductor via a bonding wire. Then, sealing resin such 
as epoxy resin is injected to the recess formed by the 
insulating frame and the heat releasing member so as to seal 
the semiconductor element, and thus a semiconductor device is 
obtained as a product. This semiconductor device may be 
mounted on an external heat releasing plate by screwing in order 
to improve the heat release efficiency. 

Such a package'f or accommodating a semiconductor element 
provided .with a heat releasing member that is made of an alloy 
material of tungsten and copper or the like has attracted 
attention as a package for accommodating a semiconductor 
element on which a high heat generating semiconductor element 
such as power ICs or high frequency transistors, because th 
heat conductivity of the heat releasing member is high and the 
thermal expansion coefficient of the heat releasing member is 



approximate to the thermal expansion coefficient of silicon 
or gallium arsenic, which is a constituent material of the 
semiconductor element, a ceramic material, which is used as 
a constituent material of the package, or the like. 

In recent years, there is a demand for a heat releasing 
member having a heat conductivity of 300 W/m • K or more, because 
of a recent increase of the amount of generated heat with 
increasing integration of power ICs or high frequency 
transistors. However, the heat conductivity of the heat 
releasing member made of an alloy material of tungsten and 
copper or an alloy material of molybdenum and copper as 
described above is about 200 W/m * K, which is low for this 
requirement, and thus the heat releasing properties are 
becoming insufficient . 

On the other hand, it has been proposed to use a heat 
releasing member made of a composite material in which tungsten 
and copper constitute a matrix. Furthermore, for example, in 
Japanese Unexamined- Patent Publication JP-A 9-312361, it also 
has been.proposed to use a heat conductive substrate made of 
a composite material in which high heat conductive layers of 
copper or a copper alloy and low thermal expansion layers made 
of a Fe-Ni alloy are laminated alternately, and the high heat 
conductive layers sandwiching the low thermal expansion layer 
are continuous via a plurality of through-holes formed in the 
low thermal expansion layer. 



However, in a package for accommodating a semiconductor 
element using the heat release member made of the composite 
material in which tungsten and copper constitute a matrix, 
tungsten has a low heat conductivity and a low thermal expansion 
coefficient, and copper has a high heat conductivity and a high 
thermal expansion coefficient, so that the heat conductivity 
and the thermal expansion coefficient of the heat release 
member can be increased as the content of copper is increased. 
However, when the content of copper is increased in order to 
improve the heat conductivity, the difference in the thermal 
expansion coefficient between the semiconductor element and 
the heat release member is increased, so that the semiconductor 
element cannot be joined to the heat releasing member firmly. 

When the heat conductive substrate made of a composite 
material including high heat conductive layers of copper or 
a copper alloy and low thermal expansion layers made of a Fe-Ni 
alloy is used, in general, the Fe-Ni alloy has a low heat 
conductivity (e.g. /about 16 W/m * K in the case of a Fe-42Ni 
alloy), and the heat transfer properties in the thickness 
direction of the substrate is low. 

In addition, in the case of the composite material in 
which high heat conductive layers of copper or a copper alloy 
and low thermal expansion layers made of a Fe-Ni alloy are 
laminated alternately, and the high heat conductive layers 
sandwiching the low thermal expansion layer are continuous via 



a plurality of through-holes formed in the low thermal • 
expansion layer, materials having different thermal expansion 
coefficients are disposed in a complex manner, so that the 
substrate may be bent significantly during heating. 

Furthermore, in the package for accommodating a 
semiconductor element using a heat releasing member made of 
this composite material, copper expands and is plastically 
deformed at high temperatures when assembling the package, so 
that the heat releasing member does not return to the original 
state and the surface of the heat releasing member becomes 
rough. 

In general, the surface roughness of the heat releasing 
member should be Ra ^ 30 ym, where Ra is an arithmetic mean 
roughness, in order to prevent reduction of the bond strength 
the heat releasing member and the semiconductor element due 
to void production in an adhesive when the semiconductor 
element is adhered and fixed to the heat releasing member via 
the adhesive such a*s glass, resin or brazing materials. 
Therefore, when a heat releasing member made of this composite 
material is used, the surface is subjected to smoothing by 
polishing in order to make the surface roughness be Ra ^ 30 
\\m, where Ra is the arithmetical mean roughness . However, in 
the package on which an insulating frame is attached so as to 
surround the mounting portion for a semiconductor element, the 
mounting portion cannot be polished. 



However, when the surface roughness of the heat releasing 
member is significantly small/ the area in which the heat 
releasing member and the sealing resin are in contact with each 
other is decreased, and the anchoring effect of the sealing 
resin to the heat releasing member is reduced, so that the bond 
strength between the heat releasing member and the sealing 
resin is degraded. Thus, peeling may occur at the interface 
between the heat releasing member and the sealing resin. 

Similarly, the sealing resin may cover the entire upper 
surface of the heat releasing member and the insulating 
substrate and go up to the side face of the heat releasing member. 
In this case as well, when the surface roughness on the side 
face of the heat releasing member is significantly small, the 
area in which the heat releasing member and the sealing resin 
are in contact with each other is decreased, and the anchoring 
effect of the sealing resin to the heat releasing member is 
reduced, so that the bond strength between the heat releasing 
member and the sealing resin is degraded- Thus, peeling may 
occur at -the interface between the heat releasing member and 
the sealing resin. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a heat releasing 
member that can dissipate heat emitted by a semiconductor 
element to the outside or the air satisfactorily and can adhere 



the semiconductor element to the heat releasing member firmly 
by using for a package for accommodating the semiconductor 
element , and provide a package for accommodating a 
semiconductor element using the heat releasing member and a 
semiconductor device using the same. 

Another object of the invention is to provide a package 
for accommodating a semiconductor element that can dissipate 
heat generated in a semiconductor element satisfactorily to 
the outside or the air and in which the semiconductor element 
can be adhered firmly to the heat releasing member and high 
sealing reliability is provided by the sealing resin, and a 
semiconductor device using the same. 

The invention provides a heat releasing member 
comprising a frame-like substrate made of a matrix of tungsten 
or molybdenum and copper, a through-metal member made of copper 
buried from an upper surface to another surface in a central 
portion of the frame-like substrate, and copper layers joined 
onto the one and other surfaces of the substrate and the 
through-metal member so as to cover the one and other surfaces 
thereof - 

The -invention provides a package for accommodating a 
semiconductor element comprising the heat releasing member 
being plate-like and having a mounting portion on which a 
semiconductor element is mounted in a central portion on its 
upper surface; and a frame attached onto one surface of the 



heat releasing member so as to surround th mounting portion 
and having a plurality of wiring conductors extending from a 
periphery of the mounting portion inside to an outer surface. 

In the invention/ the through-metal member has an outer 
circumference larger than that of the semiconductor element 
by the thickness of the substrate. 

In the invention, a si2e of the one surface of the 
through-metal member is equal to a size of the semiconductor 
element, and a size of the other surface thereof is larger than 
that of the one surface thereof. 

In the invention a cross-section area of the 
through-metal member is gradually increased from a center side 
of the substrate to joint portions with the copper layers. 

In the invention, an arithmetical mean roughness Ra in 
a central portion of the one surface of the copper layer on 
which the semiconductor element is mounted is 0.05 pm ^ Ra 
^ 30 \xm. 

According to .the invention, the through-metal member 
made "of copper and penetrating from the one surface on the side 
of the mounting portion for the semiconductor element to the 
other surface on the back face side is buried in the central 
portion corresponding to the mounting portion for the 
semiconductor element in the frame-like substrate 
constituting the heat releasing member. Therefore, compared 



with a conventional heat releasing member made only of a matrix 
of tungsten and copper, a high heat conductive portion made 
of more copper can be arranged below the mounting portion for 
the semiconductor element. At this time, the through-metal 
member has an outer circumference larger than that of the 
semiconductor element by the thickness of the substrate. 
Therefore, more heat generated in the semiconductor element 
can be transmitted in a vertical direction from the mounting 

i 

portion for the semiconductor element on the one surface to 
the other surface. In addition, also in the through-metal 
member, the heat can be spread in the horizontal direction to 
the outer side from the outer circumference of the 
semiconductor element by the thickness of the substrate. 
Consequently, heat generated in the semiconductor element can 
be dissipated satisfactorily to the air or an external heat 
releasing plate via this heat releasing member. 

Furthermore, the upper and the other surfaces of the 
through-metal member made of copper and penetrating the 
substrate from its "one surface to its other surf ace that is 
buried below the mounting pqrtion for the semiconductor 
element of the heat releasing member are directly joined to 
the copper layers joined to the one and other surfaces of the 
substrate and the through-metal member so as to cover the one 
and other surfaces thereof. Thus, the copper layers and the 
through-metal member made of copper make it possible that heat 



generated in the semiconductor element can be transmitted 
through the heat releasing member satisfactorily. 

Furthermore, the material of the through-metal member 
has large thermal expansion, but the substrate in a portion 
other than the through-metal member constituting the heat 
releasing member is made of a matrix of copper and tungsten 
or molybdenum having a thermal expansion coefficient equal to 
that of silicon, gallium arsenic or the like, which is the 
material of the semiconductor element. Therefore, the thermal 
expansion of the mounting portion for the semiconductor 
element is regulated by the thermal expansion of the 
surrounding frame-like substrate. Thus, although the ratio 
of copper in the heat releasing member is large, the thermal 
expansion of the mounting portion for the semiconductor 
element in the horizontal direction can be suppressed. As a 
result of those described above, the semiconductor element can 
be mounted and operated normally and stably for a long time. 

According to the invention, the size of the one surface 
of the through-metal member is equal to the size of the 
semiconductor element, and the size of the other surface 
thereof is larger than that of the one surface thereof. 
Therefore, more heat generated in the semiconductor element 
can be transmitted in a vertical direction from the mounting 
portion for the semiconductor element on the one surface to 
th other surface. In addition, also in the through-metal 



member/ the heat can be spread in the horizontal direction to 
the outer side from the outer circumference of the 
semiconductor element by the thickness of the substrate. 
Consequently, heat generated in the semiconductor element can 
be dissipated satisfactorily to the air or an external heat 
releasing plate via this heat releasing member. 

According to the invention, since the cross-section area 
of the through-metal member is gradually increased from the 
center side of the substrate to a joint portion with the copper 
layers, the edge portion of the opening of the through-hole 
in which the through-metal member is buried that is in contact 
with the copper layers and formed in the plate-like substrate 
made of a matrix of tungsten or molybdenum and copper forms 
an obtuse angle. As a result, the contact friction resistance 
between the end portion of the through-metal member and the 
opening of the through-hole in the substrate is reduced, so 
that the through-metal member that has expanded and been 
plastically deformed can easily return to the original state 
at the time of cooling from high -temperatures in assembling 
the package for accommodating a semiconductor element. 
Consequently, the height of projections in the copper layer 
positioned on the through-metal members that are generated by 
being pushed up by the through-metal members can be suppressed 
to, for example, 30 \im or less. Therefore, . there are no voids 
generated in the adhesive for adhering and fixing the 



semiconductor element onto the mounting portion of the 'heat 
releasing member via the adhesive such as glass, resin or 
brazing materials. As a result, the semiconductor element can 
be connected firmly, so that heat generated in the 
semiconductor element can be transmitted efficiently to the 
heat releasing member. 

According to the invention, since the arithmetical mean 
roughness Ra in the central portion on the one surface in which 
the semiconductor element is mounted of the copper layer of 
the heat releasing member is Ra ^ 30 pm, there are no voids 
generated when adhering and fixing the semiconductor element 
onto the mounting portion of the heat releasing member via the 
adhesive such as glass, resin or brazing materials. As a 
result, the semiconductor element can be connected firmly, so 
that heat generated in the semiconductor element can be 
transmitted efficiently to the heat releasing member.. 

Furthermore, since the arithmetical mean roughness Ra 
in the central portion on the one surface in which the 
semiconductor elemejit is mounted of the copper layer of the 
heat releasing member is 0.05 pm ^ Ra, the area in which the 
heat releasing member and the sealing resin are in contact with 
each other can be increased, and the anchoring effect of the 
sealing resin to the heat releasing member can be increased. 
Thus, the bond strength between the heat releasing member and 
the sealing resin can be increased. Consequently, a package 



for accommodating a semiconductor element having high 
reliability can be provided. 

The invention provides a semiconductor device 
comprising the package for accommodating a semiconductor 
element, and a semiconductor element mounted in the mounting 
portion of the package for accommodating a semiconductor 
element, wherein an electrode of the semiconductor element is 
electrically connected to the wiring conductor and a lid is 
attached onto the one surface of the frame so as to cover the 
mounting portion. 

Furthermore, according to the invention, a 
semiconductor element is mounted in the mounting portion of 
the package for accommodating a semiconductor element of the 
invention having the above-described configuration, an 
electrode of the semiconductor element is electrically 
connected to the wiring conductor, and the lid is attached onto 
the one surface of the frame so as to cover the mounting portion, 
so that a semiconductor device having the features of the 
package for accommodating^ a semiconductor element of the 
invention as described above in which the semiconductor 
element is joined to the heat releasing member firmly, and that 
has very good heat releasing properties and can operate a 
semiconductor element stably for .a long time can be provided. 

The invention provides a semiconductor device 
comprising the package for accommodating a semiconductor 



element, and a semiconductor element mounted in the mounting 
portion of the package for accommodating a semiconductor 
element, wherein an electrode of the semiconductor element is 
electrically connected to the wiring conductor and a sealing 
resin is injected into a recess formed by the heat releasing 
member and the frame to seal the semiconductor element. 

Furthermore, according to the invention, the 
semiconductor device is obtained by mounting a semiconductor 
element in the mounting portion of the package for 
accommodating a semiconductor element of the invention having 
the above-described configuration and electrically connecting 
en electrode of the semiconductor element to the wiring 
conductor, and injecting a sealing resin into a recess formed 
by the heat releasing member and the frame so as to cover the 
semiconductor element. Therefore, a semiconductor device 
having the features of the package for accommodating a 
semiconductor element as described above in which the 
semiconductor element is joined to the heat releasing member 
firmly, and that has very good heat releasing properties and 
can operate a semiconductor element stably for a long time can 
be provided. 

The invention provides a heat releasing member 
comprising a frame-like substrate made of a matrix of tungsten 
or molybdenum and copper, a through-metal member made of 
diamond and a silver-copper alloy copper buried from an upper 



surface to another surface in a central portion of the 
frame-like substrate, and copper layers joined onto the one 
and other surfaces of the substrate and the through-metal 
member so as to cover the one and other surfaces thereof. 

According to the heat releasing member of the invention, 
a through-metal member made of diamond and a silver-copper 
alloy is buried from one surface to another surface in a central 
portion of a frame-like substrate made of a matrix of tungsten 
or molybdenum and copper, and copper layers are joined onto 
the one and other surfaces of the substrate and the 
through-metal members so as to cover the one and other surfaces 
thereof. Therefore, compared with a conventional heat 
releasing member made only of a matrix of tungsten and copper, 
a high heat conductive portion made of diamond and a 
silver-copper alloy can be arranged below the semiconductor 
element, so that more heat generated in the semiconductor 
element can be transmitted in a direction perpendicular to the 
mounting plane of the semiconductor element. Consequently, 
heat generated in the semiconductor element can be dissipated 
satisfactorily to the air via this heat releasing member. 

At this time, the through-metal member has an outer 
circumference larger than that of the semiconductor element 
mounted on this heat releasing member by the thickness of the 
substrate. Therefore, more heat generated in the 
semiconductor element can be transmitted in a vertical 



direction from the mounting portion for the semiconductor 
element on the one surface to the other surface. In addition, 
also in the through-metal member, the heat can be spread in 
the horizontal direction to the outer side from the outer 
circumference of the semiconductor element by the thickness 
of the substrate. Consequently, the heat generated in the 
semiconductor element can be dissipated satisfactorily to the 
air or an external heat releasing plate via this heat releasing 
member . 

Furthermore, the upper and the other surfaces of the 
through-metal member made of diamond and a silver-copper alloy 
that penetrates the substrate from its one surface. to its other 
surface and is buried below the central portion of the heat 
releasing member are directly joined to the copper layers 
joined to the one and other surfaces of, the substrate' and the 
through-metal member so as to cover the one and other surfaces 
thereof. Thus, thecopper layers and the through-metal member 
made of diamond and a silver-copper alloy make it possible that 
heat generated in the heat releasing member can be transmitted 
through the heat releasing member satisfactorily. 

Furthermore, the material of the through-metal member 
has large thermal expansion, but the substrate in a portion 
other than the through-metal member constituting the heat 
releasing member is made of a matrix of copper and tungsten 
or molybdenum having a thermal expansion coefficient equal to 



that of silicon, gallium arsenic or the like, which is the 
material of the semiconductor element. Therefore, the thermal 
expansion of the mounting. portion for the semiconductor 
element is regulated by the thermal expansion of the 
surrounding frame-like substrate. Thus, although the ratio 
of copper in the heat releasing member is large, the thermal 
expansion of the mounting portion for the semiconductor 
element in the horizontal direction can be suppressed. As a 
result of those described above,, the semiconductor element can 
be mounted and operated normally and stably for a long time. 

The invention provides a package for accommodating a 
semiconductor element comprising the heat releasing member 
being plate-like and having a mounting portion on which a 
semiconductor element is mounted in a central portion on its 
upper surface, and an frame attached onto one surface of the 
heat releasing member so as to surround the mounting portion 
and having a plurality of wiring conductors extending from a 
periphery of the mounting portion inside to an outer surface. 

According to "the inyention, the package for 
accommodating a semiconductor element includes the heat 
releasing member of the invention having the above-described 
configuration that has a plate-like shape and has a mounting 
portion on which a semiconductor element is mounted in a central 
portion on its one surface, and a frame attached onto the one 
surface of the heat releasing member so as to surround the 



mounting portion and having a plurality of wiring conductors 
extending from a periphery of the mounting portion inside to 
an outer surface. Therefore, a high heat conductive portion 
made of diamond and a silver-copper alloy can be arranged below 
the semiconductor element, so that more heat generated in the 
semiconductor element can be transmitted in a direction 
perpendicular to the mounting, plane of the semiconductor 
element. Consequently, heat generated in the semiconductor 
element can be dissipated satisfactorily to the air via this 
heat releasing member, and the semiconductor element can be 
mounted and operated normally and stably for a long time. 

In the invention, the through-metal member has an outer 
circumference larger than that of the semiconductor element 
by the thickness of the substrate. 

According to the invention, when the through-metal 
member has an outer circumference larger than the outer 
circumference of the semiconductor element by the thickness 
of the substrate, the heat generated in the semiconductor 
element is transmitted in, a plane direction of the mounting 
plane as well as in the plane perpendicular to the mounting 
plane. As a result, the amount of the transmitted heat is 
increased, so that the heat releasing properties of the heat 
releasing member are improved. Thus/ a semiconductor element 
can be mounted and operated normally and stably for a long time. 
The invention provides a semiconductor device 



comprising the package for accommodating a semiconductor 
element, and a semiconductor element mounted in the mounting 
portion of the package for accommodating a semiconductor 
element, wherein an electrode of the semiconductor element is 
electrically connected to the wiring conductor and a lid is 
attached onto the one surface of the frame so as to cover the 
mounting portion. 

According to the invention, the semiconductor device is 
obtained by mounting a semiconductor element in the mounting 
portion of the first package for accommodating a semiconductor 
element of the invention having the above-described 
configuration and electrically connecting an electrode of the 
semiconductor element to the wiring conductor, and attaching 
the lid onto one surface of the frame so as to cover the mounting 
portion. Therefore, a semiconductor device having the 
features of the package for accommodating a semiconductor 
element of the invention as described above in which the 
semiconductor element is joined to the heat releasing member 
firmly, and that has very good heat releasing properties and 
can operate a semiconductor element stably for a long time can 
be provided. 

The invention provides a semiconductor device 
comprising the package for accommodating a semiconductor 
element, and a semiconductor element mounted in the mounting 
portion of the. package for accommodating a semiconductor 



element, wherein an electrode of the semiconductor element is 
electrically connected to the wiring conductor and a sealing 
resin is injected into a recess formed by the heat releasing 
member and the frame to seal the semiconductor element. 

According to the invention, the semiconductor device is 
obtained by mounting a semiconductor element in the mounting 
portion of the second package for accommodating a 
semiconductor element of the invention having the 
above-described configuration and electrically connecting an 
electrode of the semiconductor element to the wiring conductor, 
and injecting the sealing resin into the recess formed by the 
heat releasing member and the frame so as to cover the mounting 
portion.. Therefore, a semiconductor device having the 
features of the package for accommodating a semiconductor 
element of the invention as described above in which the 
semiconductor element is joined to the heat releasing member 
firmly, and that has very good heat releasing properties and 
can operate a semiconductor element stably for a long time can 
be provided. \ 

The invention provides, a package for accommodating a 
semiconductor element comprising a plate-like heat releasing 
member having a mounting portion on which a semiconductor 
element is mounted in a central portion on one surface thereof, 
a frame attached onto the one surface of the heat releasing 
member so as to surround the mounting portion and having a 



plurality of wiring conductors extending from a periphery of 
the mounting portion inside to an outer surface, and a lid 
attached onto one surface of the frame so' as to cover the 
mounting portion, wherein in the heat releasing member, a 
plurality of through-metal members made of a copper are buried 
from one surf ace , of the mounting portion of a plate-like 
substrate made of a matrix of tungsten or molybdenum and copper 
to another surface, copper layers are joined at least to one 
and other surfaces of a portion in which the through-metal 
members of the substrate are buried, and a cross-section area 
of each of the through-metal members is gradually increased 
from the center side of the substrate to a joint portion with 
the copper layers. 

According to the invention, a plurality of through-metal 
members made of copper that penetrate the substrate from the 
one surface to the other surface of the substrate are buried 
in the mounting portion for the semiconductor element in the 
substrate of the heat releasing member. Therefore, compared 
with a heat releasing member made only of a matrix of tungsten 
and copper, a high heat conductive portion made of more copper 
can be arranged below the mounting portion for the 
semiconductor element, and therefore more heat generated in 
the semiconductor element can be transmitted in a direction 
perpendicular to the mounting plane of the semiconductor 
element. Consequently, heat generated in the semiconductor 



element can be dissipated satisfactorily to the air or an 
external heat releasing plate via this heat releasing member. 

Furthermore, the plurality of through-metal members 
made of copper and penetrating the substrate from the one 
surface to the other surface of the substrate that are buried 
below the mounting portion for the semiconductor element of 
the heat releasing member are directly joined to the copper 
layers joined to the one and Other surfaces of the substrate. 
Thus, the copper layers and the through-metal members make it 
possible that heat generated in the semiconductor element can 
be transmitted through the heat releasing member 
satisfactorily. As a result, the heat in the semiconductor 
element can be dissipated satisfactorily, and the 
semiconductor element can be operated normally and stably for 
a long time. 

Since the cross-section area of the through-metal 
members is gradually increased from the center side of the 
substrate to a joint portion with the copper layers, the edge 
portions of the openings pf the through-holes in which the 
through-metal members are buried that are in contact with the 
copper layers and formed in the plate-like substrate made of 
a matrix of tungsten or molybdenum and copper form an obtuse 
angle. As a result, the contact friction resistance between 
the end portions of the through-metal members and the openings 
of the through holes in the substrate is reduced, so that the 



through-metal members that have expanded and been plastically 
deformed can easily return to the original state at the time 
of cooling from high temperatures in assembling the package 
for accommodating a semiconductor element. Consequently/ the 
height of projections in the copper layer positioned on the 
through-metal members that are generated by being pushed up 
by the through-metal members can be suppressed to, for example, 
30 pm or less. Therefore, there are no voids generated in the 
adhesive for adhering and fixing the semiconductor element 
onto the mounting portion of the heat releasing member via the 
adhesive such as glass, resin or brazing materials. As a 
result, the semiconductor element can be connected firmly, so 
that heat generated in the semiconductor element can be 
transmitted efficiently to the heat releasing member. 

The invention provides a semiconductor device 
comprising the package for accommodating a semiconductor 
element; and a semiconductor element mounted in the mounting 
portion of the package for accommodating a semiconductor 
element, wherein an electrode of the semiconductor element is 
electrically connected to the wiring conductor and the lid is 
attached onto the one surface of the frame so as to cover the 
mounting portion. 

According to the invention, a semiconductor element is 
mounted in the mounting portion of the package for 
accommodating a semiconductor element of the invention having 



the above-described configuration, an electrode of the ' 
semiconductor element is electrically connected to the wiring 
conductor, and the lid is attached onto the one surface of the 
frame so as to cover the mounting portion, so that a 
semiconductor device having the features of the package for 
accommodating a semiconductor element of the invention as 
described above in which the semiconductor element is joined 
to the heat releasing member firmly, and that has very good 
heat releasing properties and can operate a semiconductor 
element stably for a long time can be provided. 

The invention provides a package for accommodating a 
semiconductor element comprising a plate-like heat releasing 
member having a mounting portion on which a semiconductor 
element is mounted in a central portion on one surface of the 
plate-like heat releasing member, a frame attached onto the 
one surface of the heat releasing member so as to surround the 
mounting portion, and a terminal attached onto one portion of 
the frame, wherein after the semiconductor element is mounted, 
the semiconductor element, the'mounting portion, the frame and 
the terminal are sealed with'a sealing resin covering up to 
the side face of the heat releasing member in such a manner 
that the end portion on the outer side of the terminal is exposed, 
and wherein in the heat releasing member, a plurality of 
through-metal members made of a copper are buried from the one 
surface of the mounting portion of a plate-like substrate made 



of a matrix of tungsten or molybdenum and copper to the other 
surface, copper payers are joined at least to the one surface 
of a portion of the substrate positioned inside the frame and 
on the other surface of a portion in which the through-metal 
members are buried, and an arithmetical mean roughness Ra on 
the one surface of ... the portion positioned inside the frame and 
the side face of the heat releasing member is each 0.05 pm ^ 
Ra ^ 30 jam. 

According to the invention, a plurality of through-metal 
members made of copper that penetrate the substrate from the 
one surface to the other surface of the substrate are buried 
in the mounting portion for the semiconductor element in the 
substrate of the heat releasing member* Therefore, compared 
with a heat releasing member made only of a matrix of tungsten 
and copper, a high heat conductive portion made of more copper 
can be arranged below the mounting portion for the 
semiconductor element, and therefore more heat generated in 
the semiconductor element can be transmitted in a direction 
perpendicular to the mounting plane of the semiconductor 
element. Consequently, heat generated in the semiconductor 
element can be dissipated satisfactorily to the air or an 
external heat releasing plate via this heat releasing member. 

Furthermore, the plurality of through-metal members 
made of copper and penetrating the substrate from the one 
surface to the other surface of the substrate that are buried 



below the mounting portion for the semiconductor element of 
the heat releasing member are directly joined to the copper 
layers joined to the one and other surfaces of the substrate. 
Thus, the copper layers and the through-metal members make it 
possible that heat generated in the semiconductor element can 
be transmitted through the heat releasing member 
satisfactorily. As a result, the heat in the semiconductor 
element can be dissipated satisfactorily, and the 
semiconductor element can be operated normally and stably for 
a long time. 

Furthermore, since the arithmetical mean roughness Ra 
on the one surface positioned inside the frame including the 
mountings portion for the semiconductor element of the copper 
layer jointed to the one surface of the substrate of the heat 
releasing member is 0.05 urn £ Ra ^ 30 \im, there are no voids 
generated when adhering and fixing the semiconductor element 
onto the mounting portion of the heat releasing member via the 
adhesive such as glass, resin or brazing materials. As a 
result, the semiconductor element can be connected firmly, so 
that heat generated in the semiconductor element can be 
transmitted efficiently to the heat releasing member, and the 
area in which the heat releasing member and the sealing resin 
are in contact with each other can be obtained sufficiently, 
and the anchoring effect of the sealing resin to the heat 
releasing member can be increased. Thus, the bond strength 



between the heat releasing member and the sealing resin' can 

be increased* ■ 

Furthermore, since the arithmetical mean roughness Ra 
on the side face of the heat releasing member covered with the 
sealing resin is also 0.05 pm ^ Ra ^ 30 ym, moisture is not 
adsorbed to the joint interface between the side face of the 
heat releasing member and the sealing resin. Therefore, there 
is no possibility of occurrence of peeling between the heat 
releasing member and the sealing resin due to small vapor 
expansion during heating when the package for accommodating 
a semiconductor element is connected to the external wiring 
substrate via solder, and the area in which the heat releasing 
member and the sealing resin also are in contact with each other 
can be sufficiently obtained also at the side face of the heat 
releasing member. At the same time, the anchoring effect of 
the sealing resin to the heat releasing member can be increased. 
Thus, the bond strength between the heat releasing member and 
the sealing resin can be increased. 

As a result of those described above, according to the 
invention, a package for accommodating a semiconductor element 
having high reliability can be obtained. 

The invention provides a semiconductor device 
comprising the package for accommodating a semiconductor 
element, and a semiconductor element mounted on the mounting 
portion of the package for accommodating a semiconductor 



element, wherein an electrode of the semiconductor element is 
electrically connected to the terminal, and the semiconductor 
element, the mounting. portion, the frame and the terminal are 
sealed with a sealing resin covering up to the side face of 
the heat releasing member in such a manner that an end portion 
on the outer side of the terminal is exposed. 

According to the invention, a semiconductor element is 
mounted in the mounting portion of the package for 
accommodating a semiconductor element of the invention having 
the above-described configuration, an electrode of the 
semiconductor element is electrically connected to the wiring 
conductor, and the lid is attached onto the one surface of the 
frame so as to cover the mounting portion, so that a 
semiconductor device having the features of the package for 
accommodating a semiconductor element of the invention as 
described above in which the semiconductor element is joined 
to the heat releasing member firmly, and that has very good 
heat releasing properties and can operate a semiconductor 
element stably for "a long time can be provided. 

According to the invention, it is possible to provide 
a heat releasing member that can dissipate heat emitted by a 
semiconductor element to the outside or the air satisfactorily 
and can adhere the semiconductor element to the heat releasing 
member firmly by using for a package for accommodating the 
semiconductor element, and provide a package for accommodating 



a semiconductor element using the heat releasing member and 
a semiconductor device using the same. 

According to the invention, it is possible to provide 
a package for accommodating a semiconductor element that can 
dissipate heat generated in a semiconductor element 
satisfactorily to the outside or the air and in which the 
semiconductor element can be adhered firmly to the heat 
releasing member and high sealing reliability is provided by 
the sealing resin, and a semiconductor device using the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advantages of 
the invention will be more explicit from the following detailed 
description taken with reference to the drawings wherein: 

Fig. 1 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a first embodiment of the 
invention; 

Fig. 2 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a second embodiment of the 
invention; 

Fig. 3 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a third embodiment of the 



invention; 

Fig. 4 is a plan view of a substrate when a heat releasing 
member of the invention is viewed from a side of a mounting 
portion; 

Fig. 5 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a fourth embodiment of the 
invention; 

Fig. 6 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a fifth embodiment of the 
invention; 

Fig. 7 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a sixth embodiment of the 
invention; 

Fig. 8 is a plan view of a substrate formed of a matrix 
of tungsten or molybdenum and copper when a heat releasing 
member of the package f or_ accommodating a semiconductor 
element of the invention is viewed from a side of a mounting 
portion; 

Fig. 9 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a seventh embodiment of the 
invention; 



Fig- 10 is a cross-sectional view showing a package for 

» 

accommodating a semiconductor element and a semiconductor 
device using the same according to an eighth embodiment of the 
invention; 

Fig. 11 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a ninth embodiment of the 
invention; 

Fig . 12 is a plan view of a substrate when a heat releasing 
member of the invention is viewed from a side of a mounting 
portion; 

Fig- 13 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a tenth embodiment of the 
invention; and 

Fig. 14 is a plan view of a substrate when a heat releasing 
member of the invention is viewed- from a side of a mounting 
portion. 

DETAILED DESCRIPTION 

The invention will be described with reference to the 
accompanying drawings. 

Fig. 1 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a first embodiment of the 



invention. Reference numeral 1 denotes a heat releasing 
member, reference numeral 2 denotes a substrate of the heat 
releasing member 1, reference numeral 3 denotes a 
through-metal member, reference numeral 4 (4a, 4b) denotes a 
copper layer, reference numeral 5 denotes an insulating frame 
as a frame, reference numeral 6 denotes a wiring conductor, 
reference numeral 7 denotes a lead terminal, and reference 
numeral 10 denotes a lid. The heat releasing member 1 and the 
insulating frame 5 and the lid 10 constitute a 
semiconductor-element-accommodating package 8 for 
accommodating a semiconductor element 11- After the 
semiconductor element 11 is mounted on a mounting portion of 
the heat releasing member 1, the lid 10 is attached to an upper 
surface as one surface of the insulating frame 5 in such a manner 
that the mounting portion is covered, and thus a semiconductor 
device 14 is formed. 

The insulating frame 5 is made of an aluminum oxide 
sintered substance, a mullite sintered substance, a glass 
ceramic sintered substance .or the like, and is adhered and fixed 
to the heat releasing member 1 via a brazing material 9. When 
adhering and fixing with the brazing material 9, in general, 
a metal layer (not shown) for brazing is formed in a joint 
portion of the insulating frame 5 and the heat releasing member 
1. 

The semiconductor element 11 is fixed to the mounting 



portion, which is a central portion of the upper surface of 
the heat releasing member 1, via an adhesive 12 such as resin, 
glass, or brazing materials. When a brazing material is used 
as the adhesive 12, in general, a metal layer (not shown) for 
brazing is formed in a joint portion of the heat releasing 
member 1 with the semiconductor element 11. However, when 
sufficient brazing can be achieved with the copper layer 4 (4a) 
jointed to the mounting portion on the upper surface of the 
heat releasing member 1, a metal layer for brazing is not 
particularly necessary. 

For example, when the insulating frame 5 is made of an 
aluminum oxide sintered substance, the insulating frame 5 can 
be produced in the following manner . A suitable organic binder, 
solvent, plasticizer, dispersant, or the like is added and 
mixed to a raw material powder such as aluminum oxide, • silicon 
oxide, magnesium oxide, calcium oxide or the like so as to be 
made into a slurry.; This slurry is made into a ceramic green 
sheet (ceramic crude sheet) by doctor blading or calender 
rolling. Thereafter, the ceramic green sheet is subjected to 
stamping, as appropriate. A conductive paste obtained. by 
mixing a suitable organic binder or solvent to a metal material 
powder such as tungsten, molybdenum, manganese, copper, silver, 
nickel, palladium, or gold is previously applied and printed 
in a predetermined pattern onto the green sheets by screen 
printing or the like. Thereafter, a plurality of the green 



sheets are laminated and fired at a temperature of about 1.60D°C. 

In the insulating frame 5, the wiring conductor 6 
extending from the periphery of the mounting portidn inside 
a recess 5a formed by the heat releasing member 1 and the 
insulating frame 5 to the outer surface of the insulating frame 
5 is formed, and each electrode of the semiconductor element 
11 is electrically connected to one end inside the recess 5a 
of the wiring conductor 6 via a bonding wire 13. 

The wiring conductor 6 is made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and printed in . a 
predetermined pattern onto the ceramic green sheets that 
become the insulating frame 5 by screen printing or the like. 
Thus, the wiring conductor 6 is formed from the periphery of 
the mounting portion inside the recess 5a formed by the heat 
releasing member 1 and the insulating frame 5 to the outer 
surface of the insulating- frame 5. 

Furthermore, when a metal such as nickel or gold having 
excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 13 is attached onto 
the exposed surface of the wiring conductor 6 in a thickness 
of 1 to 20 ym by plating, oxidation corrosion of the wiring 
conductor 6 can be effectively prevented and the bonding wire 



13 can be connected firmly to the wiring conductor 6. 
Therefore, it is preferable to attach a metal such as nickel 
or gold having excellent corrosion resistance and excellent 
bonding properties onto the exposed surface of the wiring 
conductor 6 in a thickness of 1 to 20 

The heat releasing member 1 has a function of absorbing 
heat generated with operation of the semiconductor element 11 
and dissipating the heat to the air or transferring the heat 
to an external heat releasing plate. The heat releasing member 
1 can be obtained in the following manner, for example . A 
tungsten powder or a molybdenum powder having an average 
diameter of 5 to 40 ym is molded by pressure such that a 
plurality of through-holes are formed in the mounting portion 
for the semiconductor element 11, and is sintered in an 
atmosphere with 1300 to 1600°C to be impregnated with 10 to 
50 mass % of copper. Thus, a porous member having the plurality 
of through-holes formed in the mounting portion for the 
semiconductor element 11 from. the upper surface to a lower 
surface as another surface is produced beforehand. This 
porous member is impregnated!. with copper at about 1200 Q C in 
a hydrogen atmosphere. Thus, the heat releasing member 1 
including the plate-like substrate 2 formed of a matrix of 
tungsten or molybdenum and copper, the plurality of 
through-metal members 3 made of copper buried in the mounting 
portion of the substrate 2 from the upper surface to the lower 



surface, the copper iaycr 4a -joined to the upper surface in 
a portion positioned inside the inoulatinq frame 5 of the 
substrate 2, and the copper layer 4b joined to the lower suriace 
in a portion in which the through-metal members 3 of the 
substrate 2 are buried la r«rmed. 

The cross-section died of Die Ui rough -metal member 3 can 
be qradually increased toward the joint portion with the copper 
layer 4 (4a, 4b) in a shape of a step or a slope. 

The cross-section area o* thQ through-metal member 3 can 
be Increased gradually from the center side ot the substrate 
2 Lu Lhe JoJnl. portion with fhR corr*r layer 4 <4a, 4b) in the 
following manner. A porous member thaL becomes Lhe .substrate 
2 is formed, and a through-hole in which the thxuugh-JUuLdl 
member 3 is buried is formed. Thereafter, the edge portion 
of the opening ot this through-hole can be ohaped into a 
predetermined shape with an end mill processing machine or the 
like. Thus, either shape of a step-like or a slope-like shape 
can be produced. 

A step-like or . <± slope-like shape nan be producedi by 
making a iiq pin forming the through-hole in which Lhe 
through-metal member 3 is buried into a step-like or a t 
slope-like shape toward the opening of the throuqh hole, when 
forming the porous member that becomes the substrate 2 by 
molding U l.nng.sten powrtpr or a molybdenum powder by pressure. 

When, of the copper layers 4, Lhe copper layer 4 a on the 
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upper surface or> the substrate 2 that becomes the mounting 
portion for the semiconductor element 11 has Ro > 30 um on the 
upper surface thereof, where Ha is the arithmetical mean 
roughness, vniris may be generated in the adhesive 12 when the 
semiconductor element 11 is adhered and fix«ri rhe.reto via the 
adhesive 12 such as glass, resin or bxazlng materl a Vs. The 
voids generated in the adhesive 12 not only degrade the bond 
strength between the semiconductor element 11 and the heat 
releasing member 1, but also inhibit heat transfer between the 
semiconductor element n and the heat releasing member 1 so 
that the heat dissipal-ion properties of the package 8 for 
accommodating a semiconductor element and the semiconduoi.or 
device 14 can be degraded. 

The through-metal member 3 is formed such that the 
cross-section area thereof is increased gradually from the 
cenrer side of the substrate 2 to the joint portion with the 
copper layer 4 (4a, 4b). when the cross-section area is 
uniform like a commonly used l.hrtjugh-hm e member, the 
through-metal member expands and pushes up the copper layers 
on the upper and the lower surface of the subsLxaLe a 1. I.he t1mP. 
of high temperatures when assembling the package fot 
accommodating a semiconductor element. Then, the 
through-metal memrier starts to toe shrunk when being cooled, 
but does not cumpleLely return to the original state, because 
copper has been plastically deformed. As a resul t, the surface 
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rouqhness of the copper layers is increased. On Lhe oLher hand, 
when the through-metal member 3 is formed such that the 
cross-section area thereof is increased gradually from the 
center side of the substrate 2 to the joint portion with the 
t:»pp«r laynr 4 (4a, 4b) , the edge portion of the opening ox 
Lhe Lhruugh-ho! « in which tne through-metal member 3 is buried 
end that is in contact with the copper layers 4 (4a, 4h) and 
formed in the plate like substrate 2 formed of a niaLrix of 
tungsten or molybdenum and copper forma an obtuse angle. As 
a result, the contact friction resistance between the 
thro „r,h- me tal member 3 and the substrate 2 is reduced, so that 
the through-metal member 3 that, has expanded and been 
plastically deformed at high Lemper- Lures In assembling the 
package 8 for accommodating a semiconductor element can easily 
return to/the oriqinal state at the time of cooling . 
Consequently, it is prevented that the copper layers 4 (4a, 
4b) positioned above and below the through-motol member 3 are 
pushed up and pul 1 ed back so that the surface roughness thereof 

is increciaed. 

When the cross-section died LhereoT is increased 
gradually from the center side of the subsLraLe 2 Lp the joint 
portion with the copper layer 4 (4a, 4b) , it is preferable that 
the cross-section area of the through-mctol member 3 in the 
joinr portion with the copper layers 4 (4a, 4b) is 10% larger 
than that of the poxLiun p»s1 t.i onnri in the central portion of 



30 



' Received Jan-14-04 03«37on Fron-06626BU77 



To-Hogan I Hartcon LL- Page 042 



the substrate 2. The crooa-oection are© of the through-metal 
member 3 can be increased up to the middle point between the 
adjacent through-metal members 3. 

on the other hand, it is preferable that the arithmetical 
mean roughness R* on Lhe lower. «nrf*r.« of the copper layer 4b 
joined to the lower surface of Lhe aubMl.mt.ii 7 on the opposite 
side to the upper surface on which the semiconductor element. 
11 is mounted satisfies Ra £ 30 um. In general, the package. 
8 for accommodating a semiconductor clement is connected to 
a supporting substrate made ox a metal substance such as 
aluminum or copper, or a ceraiM o substance having a high thermal 
conductivity by screwing or with melLed «iet.«l or braying 
material such as solder. In this case, when Lhe ar-Jthiimtl ral 
mean rouqhncss Ra on the lower surface of the copper layer 4b 
or the substrate 2 io Ro > 30 um, it is difficult to adhere 
sufficiently the package 8 tor accommodating a semiconductor 
P.lP.mP.nt to the supporting substrate, and gaps or voids arc 
generated beLween I'.hn two components. As a result, it is 
possible LhaL Lhe he«l. g«nP.rated in the semiconductor element 
11 cannot efficiently be transferred from Uir par.leage 8 for 
accommodating a semiconductor element to Lhe supporting 
substrate. Therefore, it is preferable that the lower surface 
T.har. in rhp outer surface ot the copper layer 4b on the lower 
suxldce is smooth so as to obtain good adhesiveness with the 
supporting substrate. 
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It io preferable that the arithmetical mean roughriRss 
Ra on the lower surface of the copper layer 4b joined to Lhe 
lower surface of a portion in which the through-metal member 

3 of. the substrate 2 is buried on the opposite side to the upper 
surface on which t.h« semiconductor element 11 is mounted is 
r« 30 urn, and the surface is smooth. 

It ia preferable that the thickness «r »-.he r.npper layers 

4 (4a, 4b) io 800 urn or less, because when the thickness Lhereof 
is larger than 800 urn, the stress generated by the difference 
1n thft t.hprmal expansion between the substrate 2 and the copper 
layers 4 (4a, 4b) is increased so that sufficient bond strength 
cannot be obtained. When Lhn f.hi rkness of the copper layers 
4 (4a. 4b) is 50 ym or more, hedL yenerHt\«ri with operation of 
the semiconductor clement 11 is spread sufficiently In Ltitt 
plane direction of the copper layers 4 (4a, 4b), so that the 
heat releasing properties of the heat rclcasinq member 1 are 
further improved. 

The mal.erlal of the copper layers 4 (4a, 4b) joined to 
the upper and Lhe lower surfaces of the substrate 2 ot the heat 
rclcasinq member 1 is not limited Lo pure r.opp«r, but can be 
various copper alloys including copper as lhe main component., 
as long as it has good hcot conductivity and provides suf f icienl. 
bond strength with the substrate 2. which is a matrix of 
Lunyst.en or molybdenum and copper. This aleo applies to the 
through -metal member 3 made of r.oppnr. 
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It is sufficient that the copper layers 4 (4a, 4b) joined 
to the upper and the lower surfaces of the substrate 2 of the 
heal, releasing memhRr 1 are formed at least, for example, in 
the mounting porLiun for Lhe semiconductor element 11 and the 
•joint portion with the external heat releasing plate of Lhe 
upper and the lower surfaces of a portion in which the plurality 
ot through-metal member 3 ore buried, and it is not necessary 
that the copper layers 4 da, 4b) arc formed oo as to cover 
the entire surface of the upper and the lower surfaces of the 
heaL releasing member 1 as shown in Fig. 1- 

Thus, according to the package 8 fur acuommodat.i ng a 
semiconductor clement described above, the semiconductor 
element 11 i= adhered and fixed onto the mounting portion of 
the heat releasing member 1 via the adhesive 12 made of glass, 
resin or brazing materials, and each electrode of the 
semiconductor element. 11 is electrically connected to the 
predetermined wiring conductor fi vl a the bonding wire 13. 
Thereafter, the lid 10 is attached to the upper surface of the 
insulating frame 5 so as to cover the mounLiny purl. ion to seal 
the semiconductor clement 11 in the recess 5a, and thus the 
semiconductor device 14 can be obtained as a product. 

Examples 

Next, samples were produced In the following manner and 
the package for accommodating a semiconductor elemenL of the 
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invent. j on w«s evaluated. 

First, a releasing member having a si2e of 34 mm * 17.4 
mm, and a thickness of 1 . 9 mm was prepared as the heat releasing 
member 1 shown in Fig. 1- 

The subetrate 2 of the heat releasing member 1 is formed 
ot a matrix material ot tungsten and copper, and ha6 a thickness 
of 1.52 mm. The thickness of the copper layers 4 (4a # 4b) of 
the heat releasing member 1 is each 0.19 mm. 

The through-metal members 3 were formed in the substrate 
2 with an interval of 1.3 mm. When the size is 0.8 rnmd> in the 
central portion, those with cix kindc of cizc in the ioint 
portion with the copper layers 4 (4a # 4b) of 0,80 mm, 0.64 mm, 
0.88 mm, 1.00 mm, 1.20 mm, and 1.30 mm were prepared. 
Furthermore, when the size is 1.0 mm^ in the central portion, 
Lhus.e with loui: kinds ul size in Lht! juinL purLion wllvti the. 
copper layers 4 (4a, 4b) of 1.00 mm, 1-10 mm, 1.20 mm, and 1.30 
mm were prepared. 

The insulating frame b formed of alumina ccratnico and 
the terminal 7 formed ot a Fe-Ni-Co alloy were connected to 
r.he heat releasing member 1 with a Ag-Cu brazing material, and 
thus the package 8 for accommodating a sftmir.nnfinr.tor element 
was obtained. Thereafter, the height of prujeuLiun of Lhe 
copper layers 4 (4a, 4b) that is generated by being pushed up 
by the through-metal mcmbcro 3 in the heat releasinq member 
1 was measured using a measuring device ot the surface 

A?. 
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roughness. ' 

Teble 1 shows the tes>L rtssulL.s nT tha Rval nation* tests 

as above ► 

Table 1 ehowe the rclationohip between the cross-section 
area of the through-metal member J (expressed by tho diameter 
(unit: mm) of the through-metal member 3) in the joint portion 
wiLli Lh« c:opp«r layprs 4 (4a, 4b) in the package 8 for 
accomfttuddLiiiy a semiconductor element and r.hft h«ighr (xinit : 
Vun) of projection generated on the copper layexs 4 (4a , 4b) 
for each case when the diameter of ,thc central portion of the 
through-metal member 3 is U> BO mm and 0.10 ram. 
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Table 1 



Diameter of through -me tal membei. (nun) 


Gtiri«rnl.«ci prnj «ction 
heigh I. (jiiii) 


Central 
portion 


JoiiiL pur Lion wll.li 
copper laytsi. 


0.00 


0.00 


53 


0.04 


36 


0.08 


22 


1.00 


15 


1.30 


7 


0.10 


0.10 


56 


0.11 


20 


0.12 


18 


0.13 


11 



As RRfin frnm Tbp. results shown In Table 1, thero is a 
distinct relationship between the cross-secliun area of Die 
thrbuqh metal member 3 in the joint portion with the copper 
layer© 4 (4a, 4b) and the hciqht of proiection generated on 
the copper layers 4 {4a, 4b). 

More specifically, as shown an Table 1, when the 
cross-section ar*a of tho through-metal member 3 in the joint 
portion with the cupper layers 4 (4a, flb) is the same 
cross section area in the central portion, the heiyhl. of 
proiection qenerated on the copper layers 4 (4a, 4b) is as larye 
as more than 50 ptiu Even if the cross section area is larger 
than that, but when it ie lees than 10% larqcr, the heiqht of 
projection generated on the copper layers 4 (4a, 4b) is more 
than 30 mju. 
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On the other hand, in eamplos of the package 8 for 
accommodating a semiconductor element ot the invention in 
which the cross-section area of the through-metal member 3 in 
t.he. joint portion with the r.nppAr layers 4 (4a, 4b) is larger 
than the cross-section area in the central pox Lion and Lhe 
cross-section area is gradually increased from the center side 
of the oubotratc 2, the heiqht of proiection generated on the 
copper layers 4 (4a, 4b) io not more than 40 >im, and suppressed 
to about 30 pm or less, in particular, in samples in which 
the cross-section area of th« through -metal member 3 in the 
joint portion wiLli Lhe copper layers 4 (4a, 4b) is 10* larger 
than the cross-section area in the central portion, the height 
of proiection qenerated on the copper layers 4 (4a, 4b) is 
suppressed to be as email as lcoc than 30 pm, and thus- the 
semiconductor element 11 can be connected onto the copper layer 
4 (4a) firmly. 

Fig. 2 is a cross-sectional view showing a package for 
accommodating a seiuiuuiiduuLur Klement and a semiconductor 
device using the same according Lu a setiond embodiment of the 
invention* Reference numeral 21 denotes a heat releasing 
member, reference numeral 22 denotes a substrate of the heat 
releasing member 21, reference numeral 23 denotes a 
through-mfct.al mRmber, reference numeral 24 (24a, 24b) denotes 
copper layers, reference numeral ?5 denotes an insulating 
frame as a frame, and reference numeral 26 denuLes a LerminHl . 
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The heat releasing member 21, and the insulating frame 25 and 
the terminal 26 constitute a 

ccmiconductor-clcmcnt-accommodatinq packaqe 2B for 
accommodating a semiconductor element 29. After the 
semiconductor element 2 9 is mounted on a mounting portion o± 
rhR heat releasing member 21, the semiconductor element 29, 
the mounting pui.llun r Lhts ijiaiuldl.imj frame 25 and t.h« ternilna] 
2C are sealed with a sealing le^in 32 LhaL uuvera up to the 
side face of the heat releasing member 1 so that a semiconductor 
device 33 is formed. 

The insulating frame 25 is made o± an aluminum oxide 
HiM:«rftri snb.st.anr.P., a .mill lite sintered substance, a glass 
cexniiiit; h i nL«r«tJ suhstanr.R nr th« 1 i ice, and is adhered and fixed 
to the heat releasing member 21 via a brazing maLej-idl 27. Wlmn 
adhering and fixing with the brazing material 27, in genexdl, 
a metal layer (not shown) for brasinq is formed in a joint 
portion ot the insulating trame 2b and the heat rclcaoinq member 

The semiconductor element 29 is fixed to the mounting 
portion, which is a uenl.ral portion nf the upper surface of 
the heat releasing member 21, via din adhesive 30 such as resin, 
glace, or brasinq materials. When a brazing material is used 
as the adhesive 30, in general, a metal layer (not shown) for 
brazing is formed in a ;joint portion of the heat rclcaoinq 
niteinbKr 21 with rhR semiconductor element 29. However, when 
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sufficient braeinq can be achieved with' the copper layer 24 
(24a) jointed to the mountinq portion on the upper surface of 
the hear releasing member 21, a metal layer tor brazing is not 
particularly necessary. 

For Rxampla, wh*n thp insulating frame 2 5 is made of an 
aluminum oxide HlnL«re.d Kiihst.ancR, t.h« Insnlsring frame 25 can 
be produced in the same manner with the insulating frame 5 as 
mentioned above # 

Furthermore/ the terminal 26 made of a metal material 
is connected to the upper portion ot the insulating frame 25 
via a brazing material 27, and the terminal 26 is electrically 
connected Lu escduh electrode of l.h« mkitiI r.nnrinct.or «lnm«nt 7 9 
via a bonding wire 31. 

The terminal 26 is made of a metal material, for example, 
a Fc-Ni-Co alloy, a Fc-Ni alloy* Cu or the like, and serves 
to electrically connect the semiconductor element 29 to an 
external wiring substrate (not shown) . 

Th« surface of the terminal 26 is subjected to plating 
wiLh yuld or Lb« 1 i ke., in ord«r to join it with the insulating 
frame 25 with brazing material 27 and with bunding wires 31. 

In the case vrhere the terminal 26 is plated wilh yuld, 
it is preferable that the thickness of gold plating is 0.01 
pm or more and b pm or less in order to obtain stable bonding 
with the insulating frame 25 and the bonding wire 31. 

The heat xeleeisiiiy member 21. Hhh f.h« Ramp, function as 
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the heat releasing member 1 mentioned above and can be ubLained 
in the same manner as the heat releasing member 1 mentioned 
above . 

Furthermore, of the copper layere 24, for the copper 
layer 24a on the mounting portion for the semiconductor element ' 
29 on the upper surface of the substrate 22, the arithmetical 
mem. roughness Ra can the upper surface positioned insidfi the 
insulating frame 25 is made to 0 . 05 um ^ Ra ^ 30 urn, for exampl e, 
by polishing* 

In the case where the arithmetical mean roughness Ra of 
the copper layer 24a on the upper surtace positioned inside 
the insulating frame 25 is Ra > 30 urn, voids may be generated 
in an adhesive 10 when f.hR semi nondnrror element 29 Is adhered 
and fixed via the adhesive 30 such as glass, resin, a brazing 
material/ and the voids generated in the adhesive 30 not only 
degrade the bond strength between the semiconductor clement 
29 and the heat releasing member 21, but also inhibit heat 
transfer between the semiconductor element 2« and the heat 
releasing member 21 so that the heat dissipation properties 
of U>k package 28 Tor ac-.c.nnimnriar.i ng a semi r.onriur.rnr element 
and the semiconductor device 33 can be degraded. 

However, in the case where the arithmetical mean 
roughness Ra of the copper layer 24a on the upper surface 
positioned inside the insulating frame 25 is Ra < 0.05 urn, the 
area in which the copper layer 24a and the sealing resin 32 
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are in contact with each other is decreased, and the anchorinq 
effect of the sealing resin '62 to the copper layer 24a ic reduced, 
so that the bond strength between the copper layer 24a and the 
RRflling resin 32 is degraded- Thus, peeling may occur at the 
interface between the coppei. layer 24a dad l.hee .sealing r«.sin 
32. 

Thuo, it is preferable that the arithmetical mean 
roughness Ra of the copper layer 24a on the upper surface' of 
a portion positioned inside the insulating frame 25 that 
hftnoTTm.s the* mounting portion in which the semiconductor 
element 29 Is mounred is 0.05 pm ^ Ha ^ 30 prrw 

On the other hand, it is preferable that the arithmetical 
mean roughness flta on the lower surface of the copper layer 24b 
joined to the lower surface of the substrate 22 on the opposite 
side to the upper surface on which the semiconductor element 
29 is mounted satisfies Ra ^ 30 pirw In general/ the package 
2R fnr ar.nnmmor1ar1.ng a semiconductor element is connected to 
a supporting substrate made u£ « m«l\«l mihntance such as 
aluminum or copper, or a ceramic subNl.«ru:« havi ng a high thermal 
conductivity by screwing or with melted metal ui brazing 
material such as solder- In this case, when the arithmetical 
mean roughness Ra on the lower surface of the copper layer 24b 
of r.hft snhstrar.* ?7 is Ka > 30 pm, it is ditticult to adhere 
suf f icienLly the parikaga ?.R for accommodating a semiconductor 
element to the supporting substraLe, and gaps or voids are 
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generated between the two components. As a result, it is 
possible that the heat generated in the semiconductor element 
29 cannot ellicieuLly be Lranslerred from the package 28 for 
accomodating a scmiconductox element to Lhe supposing 
substrate. Therefore, it is preferable that the lover surface 
that is the outer surface cf the copper layer 24b on the lower 
surface is smooth so as to obtain good adhesiveness with the 
supporting sub9trate. 

Tt is preferable, that the arithmetical mean roughness 
Ra on the lower surface of the copper layer 24b joined Lo the 
lower surface of a portion in which the through-metal member 

23 of the oubotrotc 22 is buried on the opposite aide to the 
upper surface on which the semiconductor element 29 is mounted 
is Ra ^ 30 urn, and the surface is smooth. 

It is preferable that the thickness of the copper layers 

24 (24a, 24b) is 800 »m or less, be.rHUSR wh«n t.h* t.hl r.kn««* 
thereof is largex Lhau 800 u«w Lh* *Lre H H ge.nHral.«d by l.h« 
difference in the thermal expansion between the substrate 22 
and the copper layers 24 (24a, 24b) is increased so that 
sufticient bond strength cannot be obtained. When the 
thickness of the copper layers 24 (24a, 24b) is bO um or more, 
neat generated with operation of the semiconductor element 29 
is spread sufficiently in Lhe plane direcLion of Lhe c:op P er 
layers 24 (24a, 24b) , so that the heat releasing properties 
of the heat releasing member 21 arc further improved. 
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in the package 28 for accommodating a semiconductor 
element and the semiconductor device 33 of the invention, the 
side face of the heat releasing member 21 is covered with the 
sealing resin 32 f so that the Side face is, foe example, 
polished so that Lhe arithmetical mean roughness Ra is 0.05 
um ^ Ra ^ 30 um. The side face of the heat releasing member 
21 is constituted by the side face of the substrate 22 and the 
side faces of the copper layers 24 (24a, 24b) when the cupper 
layers 24 (24d, 24b) are extended up to the peripheral edge 
of the substrate 22. When the copper layers 24 (24a, 24b) are 
not extended up to the peripheral edge of the substrate 22, 
the side face of the heat releasing member 21 is constituted 
only by the side face of the substrate 22. 

In the case where the arithmetical mean roughness Ra on 
the side face covered with the scaling resin 32 of the heat 
releasing member 21 is Ra > 3U (vm> , moisture tends to be 
adsorbed ontu the interface between the side face of the heat 
releasing member 21 and the sea Ling resin 32, the adsorbed 
moisture causes small vapor expansion during heating when the 
package 28 for accommodating a semiconductor element is 
connected to an external wiring subotrote via solder. 
Consequently, peeling may occur at the interface between the 
side face of the heat releasing member 21 and the sealing resin 
32. 

Furthermore, in the case where the arithmetical mean 
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roughneao Ra n the side face covert with the sealing resin 
»2 ot the heat releasing .neither 21 is Ra < 0.05 um, the- ar a 
in which the side face of the heat releasing member 21 and the 
sealing resin 32 are in contact with each other is decreased, 
and the anchoring effect of the seal ing resin 32 to the side 
face of the heat releasing member 21 is reduced, so that the 
bond strength between the side face of the heat, releasing member 
21 and the sealing resin 32 is degraded. Thus, peeling may 
occur ot the interface between the side fane ot the heat 
releasing member 21 and the sealing resin 32. 

Thus, it is preferable that the arithmetical mean 
roughness Ra on Lhe side face covered with the cooling resin 
32 of the heat releasing member 21 is 0.05 um Si Ra SS ™ um. 

The material of the copper layers 24 (24a, 24b) joined 
to the upper and the lower surfaces of the substrate 22 or the 
heat releasing member 21 is not limited to pure copper, but 
con be various copper alloys including r.opper as the main 
component, as long as it has good he-L conductivity and provides 
sufficient bond strength with the substrat* 77.. which is a 
matrix o£ tungsten or molybdenum and copper . This also applies 
to the through-metal member 23 made of copper. 

tor the copper layers 24 (24a, 24b) joined to the upper 
and the lower surf aces of the substrate 77 of the heat releasing 
member 21. it is sufficient LhaL of the upper and the lower 
surfaces of a portion in which a plurality ot t hrongh-metal 
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members 23 ar buried, lux the Upper surface, the copper layers 
24 (24a, 24b) are formed at ^ mnnt. in a portion positioned inside 
the insulating frame 25, and for the lower surface, the copper 
layers 24 (24a, 24b) are forced so as to cover at least a portion 
in which the throu«h-metal members 23 are buried. It is not 
necessary that the copper layer., 24 (24.. 24b) are formed so 
as to cover the entire suxface of the upper and the lower 
surfaces of the substrate 22 of the heat releasing member 21 

as shown in Fiq. 2. 

Thus, according to the package 2fl for accommodating a 
semiconductor element described above, the semiconductor 
element 29 is adhered and fixed onto the monnr.lng portion of 
the heat releasing jMuditx 21 via the adhesive 30 made of glass, 
resin or brazing materials, and ear.b electrode of the 
semiconductor element 29 is electrically connected to the 
predetermined wiring conductor ?* via the bonding Wire 31. 
Thereafter, as shown in Fig. 2, the semiconductor element 29, 
the mounting portion, the insulating frame 75 and the terminal 
26 are sealed with Urn sealing resin 32 covering up to the oidc 
face of the heat releasing member 21 in sur.h a manner that the 
outer end portion of the terminal 2G is exposed, and thus the 
semiconductor device 33 can be obtained as a product. 



Examples 

Next, samples were produced in the following manner and 



Zhe package for accomodating a semiconductor clement of the 
invention was evaluated. 

First, a releasing member having a sire of 34 mm * 17.4 
nan, and a thickness of 1 . 9 mm was prepared as the heat releasing 

member 21 shown in Fly- 2. 

The substrate 22 of the heat releasing member 21 is formed 
of a matrix material of tungsten and copper, and has a thiokness 
of 1.52 mm. The thickness of the copper layers 24a and 24b 
of the heat releasing member 21 is each 0.19 mm. 

The side surfaces of the copper layer 24a and the heat 
releasing member 21 are polished, and eighteen kinds of 
arithmetical mean roughness ,R* from 0.01 um to 36 um 
respectively are prepared. 

The/insulating frame 25 formed ot alumina ceramics and 
the terminal 26 formed of a Fe-Ni-Co alloy were connected to 
the heat releasing member 21 with a Ag-Cu brazing material, 
and thus the package 28 for accommodating a ocmiconduetor 
element was obtained. 

The semiconductor element 29 made of 3i (size 5 mm x 5 
unv, thickness 0.3 mm) was mounted on the upper surface of the 
copper layer 24a positioned inside the insulating frame 25 of 
the package 29 for accommodating a semiconductor element With 
an AuSn brazing material, and then the upper surface and the 
side face of the package 9B for accommodating a semiconductor 
element in which the semiconductor element 29 was mounted were 
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sealed with an fepoxy-baseU sealing resin 32, and thus a 
semiconductor device 33 was obtained. 

The semiconductor device 33 was fed into a temperature 
cycle test device at -55°C to 125»C »nrl taken out after a 
predetermined number of test cycles. Then, the interface 
states of the joint interface portion f»t the semiconductor 
element 29 and the copper layer 24 (24a) and the joint interface 
between the side face portion of the heat re. J easing member 21 
and the sealing resin 32 were observed with an ultrasonic flaw 
detector and a micro X-ray device 'to confirm whether or not 

peeling occurred. 

Table 2 shows the test, results of the (^valuation rests 

described above. 

The/number of feeding cycles for the tRmperature cycle 
test in the semiconductor device 33 fed to the temperature cycle 
test, and occurrence of peeking at the interface between the 
semiconductor element 29 and Lhe copper layers 24 (expressed 
in "upper portion of copper layer" in Table 2) and the interface 
between the side face of the 1mm L releasing member 21 end the 
sealing resin 32 (expressed in "side face" in Table ?) at. this 
time were investigated. Table 2 shows the results for each 
arithmetical moan roughness (unit: urn) in the upper portion 
of the copper layer (upper suxface of the copper layer 24a) 
and the side face of the heat releasing membnr 21 , where OK 
indicates that peeling did not occur, and NG indicates that 
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peelixiy occurred. 
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Arithmetical raean roughness (>mO 1 
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As seen from the results shown in Table 2, ther.e is a 
distinct relationship between the arithmetical mean roughness 
Ra on the upper surface of the copper layer 24a and the side 
face of Lhe h«at releasing member 21 and occurrence of peeling 
at the interface between the semiconductor element 29 and the 
copper layer 4 and the interface between the side face of heat 
releasing member 21 and the sealing resin 32 . 

More specifically, as shown in Table 2, in the case where 
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the arithmetical mean rouqhness Ra wi the upper surface of the 
copper layer 24a and the side face of the heat relsssing member 
21 is less than 0.05 urn, at a feeding cycle, of 1000 or less, 
peeling occurred at the interface between the semiconductor 
element 29 and the copper layer 24 and the interface between 
the side face of heat releasing member 21 and the soling resin 
32, which indicates that the semiconductor device 29 does not 
have high sealing reliability. 

Furthermore, also in the case where Lhe arithmetical mean 
roughness Ra on the upper surface of the copper layer 24a and 
the side face of the heat releasing member 21 is more than 30 
urn, at a feeding cycle of 1000 or less, peeling occurred at. 
the interface between the semiconductor element 29 and the 
copper layer 24 and the interface between the side face of heat 
releasing member 21 and the sealiuy resin 32, which indicates 
that the semiconductor device does not have high sealing 
reliability. 

On the other hand, in the samples that are package 28 
for accommodating a semiconductor element and the 
semiconductor device 33 of the invention, in which the 
arithmetical mean roughness Ra on the upper surface of the 
copper layer 24a and the side face of the heat releasing member 
21 is 0.05 um or more and 30 um or less, even at a feeding cycle 
of 1000, peeling did not occur at the interface between the 
semiconductor element 2 9 and the copper layer 24 and the 
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interlace between the side face of heat releasing member 21 
and the sealing r*sin which indicates that the 
semiconductor device has high sealing reliability. 

Fig. 3 is * r.ross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to a third embodiment of the 
invention. Reference numeral 41 denotes a heat releasing 
member, reference Tumoral A'A denotes a substrate of the heat 
releasing member 41, reference numeral 43 denotes a 
through^metal member, reference numeral 44 (44a, 44b) denotes 
a copper layer, reference numeral 45 denotes an insulating 
frame as a frame, reterence, numeral 4 6 denotes a wiring 
conductor, reference numeral 47 denotes o lead terminal, and 
reference numeral 50 denotes «lid. The heat releasing member 
41 and the insulating frame 45 and the lid 50 constitute a 
semiconductor-element-acr.ommooatlng package 48 for 
accommodating a semiconductor element 51. After thp 
semiconductor element 55 is mounted on a mounting portion of 
the heat releasing member 41, the lid 50 is attached to an upper 
surface of the insulating frame 45 in such a manner that the 
mouiiLiuq portion is covered, end thus a semiconductor device 
54 is formed. 

The insulating frame 45 is made of an aluminum oxide 
sintered substance, a imilUte sintered substance, a glass 
ceramic sintered substance or the like, and is adhered and fixed 
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to the heat releasing member a i via a brazing material 49. Wh n 
adhering and fixing with the braring material 49, in general, 
a metal layer (not shown) for brazing is formed in a joint 
portion of the insulating frame 45 and the heat releasing member 
41. 

The semiconductor element 51 is fixed to the mounting 
portion, which is a central portion of the upper surface of 
the hea.L releasing member 41, via an adhcoivo 52 such as resin, 
glass, or brazing materials. When a brazing material is used 
as Lhe adhesive 52, a metal layer .(not ohown) for brazing is 
formed in a joint portion of r.he heat releasing member 41 with 
the semiconductor element 51. However, when sufficient 
brazing can be achieved wi th the copper layer 44 (44a) jointed 
to Lhe uppwi: surface of the through metal member 43 of the heat 
releasing member 41 , a metal layer for brazing is not 
particularly necessary. 

For example, wh«n the* insulating frame 45 is made of an 
aluminum oxide sintered substance, the insulating frame 45 can 
be produced in the same manner with the insulating frames 5 
and 25 ds mentioned above. 

In the insulating frame 4b, the wiring conductor 4 6 
extending from Lhe periphery of the mounting portion inside 
a recess ; 45a formed hy the heat releasing member 41 and the 
insuldLing frame 45 to the outer surface of the insulating frame 
45 is formed, and each p. i e.r.r.rorte of the semiconductor element 
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51 is electrically connected to one end inside the recess 45a 
of the wiring conductor 4 6 via a bondinq wire 53. 

The wiring conductor 46 io mode of a high melting point 
Tnflt.al such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
s R „i tab I e. organic binder, solvent or the like to a metal u^wd^ 
such as tungsten or molybdenum is applied and printed in a 
predetermined pattern onto the ceramic qreen sheets that 
become the insulating frame 45 by screen printing or the like. 
Thus, the wiring conductor 46 is formed from the perlphexv of 
the mounting portion inside the recess 45a formed by the heat 
releasing member 41 and the Insulating frame 45 Lo Lhe outer 
surface of the insulating frame 45. 

Furthermore, when a metal such as nickel or gold havinq 
excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 53 is attached onto 
the exposed surface of the wiring conductor 4 6 in a thickness 
nf T to /-.() um by plating, oxidation corrosion of the wirinq 
conductor 4 6 can be effectively prevented and the bonding wire 
53 can he connected tirmly to the wiring conductor 46. 
Therefore, it is preferable to attach a metal such as nickel 
or gold having excellent corrosion resistance and excellent 
bonding properties onto tho exposed surface of the wiring 
conductor 4b in a thickness of 1 to 20 urn. 

The heat releasing member 41 has a function of absorbing 
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the heat generated with operation of the semiconductor e I «m*nr 
51 and dissipatinq the heat Lo the air, or transferring the 
heat to on external heat releasing plate. The heat releasing 
member 41 can be obtained in the following manner, for example. 
A tungotcn powder or a molybdenum powder having an average 
particle size of 5 to 40 uiu xtf molded into a frame-like shape 
by pressure so that a single through-portion is formed in the 
mounting portion for the semiconductor element SI, and is 
sintered in an atmosphere with 1300 to 1600*C to be impregnated 
with 10 to 50 mass % of copper. Thus, a porous member having 
the single through-portion formed in the mounting portion for 
xhe semiconductor element 51 from the upper surface to the lower 
ourfacc is produced beforehand. This porous member is 
impregnated with copper at about 1200°C in > hydrogen 
atmosphere. Thus, the heat releasing member <n including the 
frame-like substrate 42 formed of a matrix of tungsten or 
molybdenum and copper, the single through-metal member AA made 
of copper buried in the central portion of the substrate 42 
from the upper surface to the lower surface, the copper layer 
44a joined so as to cover the upper surface of the substrate 
42 and the through-metal member A3, and the copper layer 44b 
joined to the lower surface of the substrate 42 an.d the 
through-metal member 43 is formed. 

In the copper layers 4 4, when the copper layer 44a on 
the upper surface of the heat releasing member 41 that becomes 
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the mounting portion for the nomi conduct or element 51 has Ra 
> jJU um, where Ka is the arithmetical mean rouylmess un Lhe 
upper surface thereof, voids may be generated in the adhesive 
n2 when the semiconductor element 51 is adhered and fixed 
thereto via the adhesive 52 such as glass, resin or brazing 
materials. The voids generated in the adhesive 52 uuL only 
degrade the bond strength between the semiconductor element 
bl and the heat releasing member 41, but also inhibit, heat 
transfer between the semiconductor element 51 and the heat 
r«lftasing member 41 so that the heat dissipaliuu properties 
of the package 48 for accommodating a semiconductor element 
and thft semiconductor device 54 can be deyidded. 

Therefore, it is preferable that the arithmetical mean 
roughness Ra of the copper layer 44a on the upper surface of 
the substrate 42 that becomes the mounting portion for the 
semiconductor element 51 satisfies Ra ^ 30 um so that its 
surface io cmooth. 

As shown in the plan view of the substrate 42 when the 
heat releasing member 41 is viewed from the side of the mounting 
portion in tig. 4, the through-metal member 43 is formed so 
as to have an outer circumference that is larger than the outer 
circumference of the semiconductor element 51_by a thickness 
T of the substrate 42, that is, an outer circumference that 
is apart outward from the outer circumference of the 
semiconductor clement 51 by a thickness T of the substrate 42 
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over the entire 'outer circumference thereof. In general , 1n 
the case of an isotropic material, heat is transmitted equally 
in the plane direction- and the vertical direction, anri 
consequently is transmitted with a spread of about 45 degrees. 
Therefore, it is preferable that the through-metal number 43 
has an outer circumference that is larger than the outer 
circumference of the semiconductor element 51 by a thickness 
T at the substrate 42 in order to obtain about 45 degrees as 
an angle 55 made by the through-metal member 43 and ttm r«gion 
of the mounting portion Zo, Lhe semiconductor element 51. 

On the other hand, it is preferable that thn arithmetical 
mean roughness Ra on the luwex surface of the copper layer 44b 
joined to the lower surface of the substrate 42 and the 
through-metal member 43 on the opposite side to the upper 
surface on which the semiconductor element 51 is mounted 
satisfies Ra ^ 3U urn. in general, the packaqe 48 for 
accemmodating a semiconductor element is connect** to a 
supporting substrate made of a metal aubstauce such as aluminum 
or copper or a ceramic substance having a high thermal 
conductivity by screwing or with melted metal ux blazing 
materiel such as solder. In this case, when the arithmetical 
mean roughness Ra on the lower surface of the copper -layer 44b 
io Ra > 30 urn, it is difficult to adhere sufficient ly Mm package 
48 for accommodating a semiconductor element to the supporting 
substrate, and gape or voids are generated between the two 
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components. As a result, it is possible that the. heat 
generated in the semiconductor element 51 cannot efficiently 
be transferred from the package 48 for accommodating a 
semiconductor elemenl to ihe supporting substrate. Therefore, 
it io preferable that the lower surface, which is the outer 
surface of the copper ldyex 44b on the lower surface, is do 
smooth so as to have arithmetical mean roughness Ra £ 30 um 

« 

to obtain good adhesiveness with Lhe supporting substrate. 

It io preferable that the thickness of the copper layers 
44 (44a, 44b) is 800 um or less, because when the thickneoe 
thereof is larger than 800 um, the stress generated by the 
difference in the thermal expansion between the substrate 42 
and the copper layers 44 (44a r a 4b) is increased so that 
sutticient bond strength cannot be obtained. When the 
thicknesa of the copper layers (44a, 44b) is SO inn or more, 
heat generated with operation of Lhe semiconductor element 51 
io spread sufficiently in the plane direction ot the copper 
layers 44 (44a, 44b), so that the heat releasing properties 
of the heat releasing member 41 are further improved. 

The material of the copper layers 44 (44a, 44b) joined 
to the upper and the lower surfaces of the snbstrat.R 47. ot the 
heat releasing member 41 and the through-metal member 43 is 
not limited to pure copper, but can be various copper alloys 
including copper as the main component, as long as it has good 
heat conductivity and provides sufficient bond strength with 
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the substrat 42, which is a Matrix of tungsten or molybdenum 

and copper, and the through-metal member 43 made of copper. 

i 

Thus, according to the package 4fl for accommodating a 
semiconductor element described above, the semiconductor 
element 51 is adhered and fixed onto the mounting portion of 
the hedl releasing member 41 via the adhesive 52 made of glaec, 
resin or brazing materials, and p.ar.h electrode ot the 
semiconducLur element 51 is electrically connected to the 
predetermined wiring conductor 46 via the bonding wire 53. 
Thereafter, the lid 50 is attached 1 to the upper surface of the 
insulating frame 45 so as to cover the mounting portion to seal 
the semiconductor element 51 in the recess 45a, and thus the 
semiconductor device 54 can hp obtained as a product. , 

Fiq. 5 is d cross-sectional view showing a package for 
accommodating a seroicondnotor element and a semiconductor 
device using the same according to a fourth embodiment of the 
invention. Reference numeral 61 denotes a heat releasing 
member, reference numeral G2 denotes a substrate of the heat 
releasing member 61 , r«ffirp.noe numeral bii denotes a 
Lhruuyh-iuetal member, reference numeral 64 (64a, 64b) denotes 
a copper layer, reference numeral bb denote an insulating 
frame <as <a frame, reference numeral 66 denotes a wiring 
conductor, reference numeral b'l denotes a lead terminal, and 
reference numeral 70 denotes a lid. The heat releasing member 
61 and the insulating franrn 65 and the I i.d 7U constitute a 
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s « m ir.onriuctor-element-accoxnmodatinq package 68 fox 
accommodating a semiconductor element 71. After the 
semiconductor element 71 Is mounted on - mounting portion of 
the hoot releasing member 61, the lid 70 1 * Cached to the 
upper surface of the insulating frame 65 in such a manner that 
the mounting portion is covered, and thus a semiconductor 

rieivic.e 74 is formed. 

The insulating frame 65 is made of an alominum oxide 
sintered substance, a mullite sintered substance, a glass 
ceramic sintered substance or the like, and is adhered and t i **d 
to the upper surface of heat releasing member 61 surrounding 
the mounting portion via a brazing material 69 . When adhering 
and fixing with the brazing material 69, i" general, a metal 
layer (not shown) for brazing is formed in a joint portion of 
the insulating frame 65 and the heaL releasing member CI. 

The semiconductor element 1.1 is fixed to the mounting 
portion, which is a central portion of the upper surface of 
the heat releasing member 61, via an adhesive 72 such as resin, 
glass, or brazing materials. When a brainy material is used 
as the adhesive 72, in general, a metal layer (not shown) for 
brazing is formed in a joint portion of Lhe heat releasing 
member 61 with the semiconductor element 71. However, when 
sufficient brazing can be achieved with Lhe copper layer G4 
(64a) jointed to the mounting portion on the upper surface of 
the heat releasing member 61, a metal layer for brazing is not 
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particularly necessary. 

for example, when the insulating frame 65 is made of an 

i 

aluminum oxide sintered oubctancc, the insulating frame 65 can 
tie produced in the same manner with the insulating frames 5, 
25 and 45 as described above. 

in r.he insulating trame 65, the wiring conductor 66 
extending from the periphery of the mounting portion inside 
a rftr.ess 65a formed by the heat releasing member 61 and Lh* 
insulating frame 65 to the outer surface of the insulating frame 
65 is formed, and each electrode of the semiconductor element 
71 is electrically connected to one end inside the recess 65a 
ot the wiring conductor 66 via a bonding wire 73. 

The wiring conductor 66 ie made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
ouch qo tungsten or molybdenum ie applied and printed in a 
predetermined pattern onto the ceramic green sheets that 
become the insulating frame 65 by screen printing or the like. 
Thus, the wiring conductor 66 is formed from the periphery of 
the mounting portion inside the recess 65a formed by the heat 
releasing member 61 and the insulating frame 65 to the outer 
surface of the insulating frame 65. 

Furthermore, when a metal such as nickel or gold having 
excellent corrosion resistance and excellent bonding 
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properties with respect to the bonding wire 73 is attached onto 
the exposed surface of the wiring conductor 66 in a thickness 
of 1 to 20 urn by plating, oxidation corrosion of the wiring 
conductor 66 can be effectively prevented and Lhe bonding wire 
73 can be connected firmly to the wiring conductor 66. 
Therefore, It is preferable Lo attach a meLal such as nickel 
or gold having excellent corrosion resistance and excellent 
bonding properties onto the exposed surface of Lhe wirinq 
conductor 66 in a thickness of 1 to 20 um. 

The heat releasing member 61 has a function of absorbing 
the heat generated with operation of the semiconductor element 
71 and dissipating the heat to the air, or transferring Lhe 
heat to an external heat releasing plate.. The heat releasing 
member 61 can be obtained in the following manner, for example. 
A tungsten powder or a molybdenum powder having an average 
particle size of 5 to 40 p is molded Into a frame-like shape 
by pressure so that a single through-portion is formed in the 
mounting portion for the semiconductor element 71, and is 
sintered in an atmosphere with 1300 to 1600"C to be impregnated 
with 10 to 50 mass % of copper. Thus, a porous member having 
the single through-portion formed in the mounting portion for 
the semiconductor element 11 from the upper surface to the lower 
ourfacc ±o produced beforehand. This porous member is 
impregnated with copper at about 1200 °c in a hydrogen 
atmosphere. Thus, the heat releasing member 61 including the 
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plate-like substrate 62 formed of a matrix ot tungsten or 
molybdenum and copper, the single through-metal member 63 made 
of CO ppBr buried in the central portion of ,the substrate 62 
from the upper surface to the lower surface, the copper loycr 
64a joined so as to cover the upper surface ot the substrate 
62 and Lhe through-metal member 63, end the copper layer 64b 
joined to the lower surface of the snhst.rate 62 and the , 
through-metal member 63 is formed. 

When, of the copper layers 64, the copper layer 64a on 
the upper surface of the heat releasing member 61 that becomeo 
the mounting portion for the semiconductor element "71 has Ra 
> 30 um, whexe Ra is the arithmetical mean roughness on the 
upper surface thereof, voids may he generated xn the adhesive 
72 when the semiconductor element 71 is adhered and fixed 
thereto via the adhesive 17 such as glass, resin or brazing 
materials. The voids generated in the adhesive 72 not only 
degrade the bond strength between the semiconductor element 
71 and Lhe heal releasing member Gl, but also inhibit heat 
transfer between the semi conductor element 71 and the heat 
releasing member 61 so that the heat dissipation properties 
of the package 68 for accommodating a semi conductor element 
and Lhe Semiconductor device 74 can be degraded. 

Therefore, it is preferable thar. the ari r.hmer.i ca.l mean 
roughness Ra of the copper layer 64a on the upper surface of 
the substrate. 62 that becomes the mounting portion tor the 
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semiconductor element. 71 SdUstles R«*330uiu so Llidt its surface 
i ft smooth - 

The through-metal member 63 ia formed such that the size 
of its upper surface is equal to the size of the semiconductor 
element 71 in the mounting portion and its lower surface io 
larger than the. upper surface. In general, in the case of an 
isotropic material, heat is transmitted equally in the plane 
direction and the vertical direction, and consequently is 
transmitted with a spread of about 4 5 degrees. Therefore, it 
is preferable that. the. angle 75 made by the side face of the 
through-metal member 63 and the region of the mounting portion 
for the semir.onrtnr.tftr elp.me.nr. 71 is about 45 degrees, and that 
the cross-sectional area of the through-metal member 63 is 
increased from the upper surface to the. lower surface with an 
inclination angle of about 45 degree at its side face in this 
manner. 

On the other hand, it is preferable that the arithmetical 
mean roughness Ra on the. lower surface of the copper layer 64b 
joined to the lower surface of the substrate 62 and the 
through-metal member 63 on the opposite, side to the "ppe.r 
surface on which the semiconductor element 71 is mounted 
satisfies Ra S 30pm. In general, the package 68 for 
accommodating a semiconductor element is connected to a 
supporting substrate made ot a metal substance such as aluminum 
or copper or a ceramic substance having a high thermal 
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conductivity by screwing or with melted metal or brazing 
material such as solder. In this case, when the arithmetic*! 
mean roughness Ha on the lower surface of the copper layer 64b 
is Ra > 30 um, it is difficult to adhere sufficiently the pdekdye 
60 for accommodating a semiconductor element to the supporting 
substrate, and gaps or voids are generated between Lhe Lwo 
components. As a result, it is possible that the heat 
fjpnftrar.p.ri in the semiconductor element 71 cannot efriuitsnLly 
be transferred from the package 68 for accommodating a 
semiconductor element to the supporting substrate. Therefore, 
it is preferable that the lower surface, which is the outer 
snrtace ot the copper layer . 64b on the lower surface, is as 
smooth so as to have arithmetical mean roughness Ra £ 30pm 
to obtain good adhesiveness with the supporting substrate. 

It is preferable that the thickness of the copper layers 
64 {64a, 64b) is 800 ym or less, because when the thickness 
thereof io larger than 800 ]im, the stress generated by the 
difference in the thermal expansion between the substrate 62 
and the copper layers 64 (64a, 46b) is increased so that 
sufficient bond strength cannot be obtained, when the 
thickness of the copper laycro 64 (64a, 64b) is 50 vim or more, 
heat generated with operation of the semiconductor element 71 
is spread sufficiently in the plane direction of the copper 
layers 64 (64a, 64b), so that the heat releasinq properties 
of the hcot releasing member 61 are further improved. 
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The material of the copper layers 64 (64a, 64b) juiued 
to the upper and the lower surfaces of the substrate 62 of the 
heal xwlwasixiy meinbex 61 is nol limited Lo puie capper, but 
can he various copper alloys including copper as the main 
component, as long as it has good heat conductivity and provides 
sufficient bond strength w.ith the substrate fi? whi ch i s a ma+ri * 
of tungsten or molybdenum and copper, and the through-metal 
mAmbp.r Tnarift of r.oppp.r. 

Thus, according to the package 68 for accommodating a 
semiconductor element described above, the semiconductor 
element 71 is adhered and fixed onto the mounting portion of 
the heat releasing member 61 via the adhesive 72 made of glass, 
resin or brazing materials, and each electrode of the 
semiconductor element 71 is electrically connected to the 
predetermined wiring conductor GG via the bonding wire 73. 
Thereafter, the lid 70 is attached to the upper surface of the 
insulating frame G5 so as to cover the mounting portion, to seal 
the semiconductor element 71 in the recess 65a, and thus the 
semiconductor device 74 can be obtained as a product. 

Pig. 6 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
ripvir.fi using thp. same according to a fifth embodiment of the 
invention. Reference numeral 01 denotes an insulating frame 
as a frame, r*f p.re.nr.p. nump.ral 8? denotes a sealing resin, and 
reference numeral 83 denotes a heat releasing member. The 
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insulating frame 01, the sealing resin 82, and the heat, 
releasing member 83 constitute a 

semiconductor-element-accommodating package 88 for 
ar.r.ommoriating a semiconductor element 87 of the Invention- 
After the semiconductor element 87 io mounted on a mounting 
portion ol the heat releasing member 83, the sealing resin 82 
such as epoxy is injected to a recess formed by the insulating 
frame 81 and the hRat releasing member 83 to seal the 
semiconductor element 87. Thus, a semiconductor device 93 of 
the invention is tormed. 

The insulating frame 81 io made of an aluminum oxide 
sinrerpri substance, a mullite sintered substance, a glass 
ceramic sintered substance or the like, and is adhered, fixed 
and attached to the heat releasing member 83 via a brazing 
material 09. When adhering and fixing with the brazing 
material H9, in general, a metal layer (not shown) for brazing 
is formed in a joint portion of the insulating frame 81 and 
1-hfi heat releasing member H3. 

The semiconductor element 87 is fixed to tho mounting 
pnrrinn, which is a central portion of the upper surface of 
the heat releasing member 83, vie an adhesive 90 such ao rcoin, 
glass, or brazing materials, when a brazing material is used 
as the adhesive 90, in general, a metal layer (not shown) for 
brazing is tormed in a joint portion of the heat releasing 
member 83 with the semiconductor clement 87. However, when 
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sufficient brazing can be achieved with the copper layer 86 
(86e) jointed to the mounting portion on the upper surface of 
the bftaf. releasing member 83, a metal layer for brazing is not 
particularly necessary. 

For example/ when the insulating frame 81 is made of an 
aluminum oxide sintered substance, the insulating frame 65 can 
be produced in the same manner with the insulating frames 5, 
25, 45 and 65 as described above. 

In the insulating frame 81, the wiring conductor .91 
extending from a reccoo 81o formed by the insulating frame 81 
and the heat releasing member 83 to the outer surface of the 
insulating frame 81 ic formed, and each electrode of the 
semiconductor element 87 is electrically connected to one end 
of the wiring conductor 91 via a bonding wire 92. 

The wiring conductor 91 is made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixinq 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and printed in a 
predetermined pattern onto the ceramic green sheets that, 
become the insulating frame 81 by screen printing or the like. 
Thus, the wiring conductor 91 is formed from the recess 81 
formed by the insulating frame 81 and the heat releasing member 
83 to the outer surface of the insulating frame 81. 

furthermore, when a metal such as nickel or gold having 
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excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 92 is attached onto 
the exposed surface of the wiring conductor 91 in a thickness 
of 1 to 20 urn by plating, oxidation corrosion of the wiring 
conductor 91 can be effectively prevented and the bonding wire 
92 can be connected firmly to the wiring conductor 91, 
Therefore, it is preferable to attach a metal such as nickel 
or gold having excellent corrosion resistance and excellent 
bonding properties onto the exposed surface of the wiring 
conductor 91 in a thickness of 1 to 20 um. 

The heat releasing member 83 has a function of absorbing 
the heat generated with operation of the semiconductor element 
87 and dissipating the heat to the air. The heat releasing 
member 83, Can be obtained in the following manner, for example. 
A tungsten powder or a molybdenum powder having an average 
particle size of 5 to 40 um is molded into a frame-like shape 
by pressure so that a through-portion in which a through-metal 
member 85 is buried ic formed in the mounting portion for the 
semiconductor element 87, and is sintered in an atmosphere with 

1300 to 1600°C to be impregnated with 10 to 50 mass % of copper. 
Thus, a porous member having the through-portion formed in the 
mounting .portion for the semiconductor element 67 from the 
upper surface to the lower surface is produced beforehand. 
This porous member is impregnated with copper at about 1200 °C 
in a hydrogen. atmosphere. Thus, the substrate 84 formed of 
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a matrix of tungsten or molybdenum and eopper is formed. Then, 
the through-metal member 85 is buried in the substrate 84, and 
the eopper layers 86 (86a, 86b) are joined to the upper and 
the lower surfaces thereof, so that the heat releasing member 
03 in the package 88 for aeeommodating a semiconductor element 
ot the i.nvenrion is formed. 

in the copper layer 86 (8 6a) , the central portion on the 
upper surface on which the semiconductor element 87 is mounted 
is, for example, polished so that the arithmetical mean 
roughness Ra is 0.0S nm ^ Ra ^ 30 pm. 

When the arithmetical mean roughness Ra in the central 
portion on the upper surface on which the semiconductor element 
87 is mounted of the copper layer 86a is Ra > 30 urn, voids may 
be generated in the adhesive 90 when the semiconductor element 
87 io adhered and fixed thereto via the adhesive 90 such as 
glass, resin or brazing materials. The voids generated in the 
adhesive 90 not only degrade the bond strength between the 
semiconductor elemenr 6 7 and the heat releasing member 83, but 
also inhibit heat transfer between the semiconductor element 
87 and the heat releasing member 83 so that the heat dissipation 
properties of the package 88 for accommodating a semiconductor 

element can be degraded. 

In the caoc where the arithmetical mean roughness Ra in 
the central portion on rhe upper surface on which Lhe 
semiconductor element 87 is mounted of the copper layer 86a 
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is Ra < U.Ob pm, the area in which the. copper layer Hfca and 
the sealing resin 82 are in contact with each other is decreased, 
and the anchoring effect or the sealing resin RP. to the copper 
layer 86a is reduced, so that the bond strength between the 
copper layer ba and the sealing resin 82 is degraded. Thus, 
peeling may occur at the interface between the copper layer 
Bfaa and the sealing resin 82. 

Thus, it io preferable that the arithmetical mean 
roughness Ra ol the copper layer Bfaa in the central portion 
on the upper surface that becomes the mounting portion in which 
the semiconductor element 87 is mounred is 0-05 um £ Ra ^ 30 
um. 

on the other hand, it is preferable that the arithmetical 
mean roughness Ra on the lower surface of the copper layer 0 6b 
on the opposite side to the upper surface on which the 
semiconductor element 87 is mounted satisfies Ra ^ 30 um. In 
general, the package 88 for accommodating a semiconductor 
element is connected to a supporting substrate made of a metal 
substance such as aluminum or copper, or a ceramic substance 
having a high thermal conductivity by screwing or with melted 
metal or brazing material such as sol ner. Tn this case, when 
the arithmetical mean roughness Ra on the lower surf ace of the 
copper layer 86b is Ra > 30 um, ir. is difficult to adhere 
sufficiently the package 88 for accommodating a semiconductor 
element to the supporting substrate, and gaps or voids are 
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generated between the two components. As a result, it is 
possib3e that the. heat generated in the semiconductor element 
87 cannot efficiently be transferred from the package 88 for 
acc.ommodat.-ing * semiconductor element to the supporting 
substrate. Therefore, it is preferable that the surface of 
the copper layer Hfefo on the lower surface is smooth so as to 
obtain good adhesiveness with the supporting substrate. 

It is preferable that the ari thmer.i cal mean roughness 
Ra on the lower surface of the copper layer 86b on the opposite 
side to the upper surfer.* on which the semiconductor element 
87 is mounted is Ra £ 30 urn, and the surface is smooth. 

It is preferable that the thickness ot the copper layers 
8G (OGa, OGb) is 000 urn or less, because when the thickncoo 
thereof is larger than BOO ,im, the stress generated by the 
difference in the thermal expansion between the substrate 84 
made of matrix and the copper layers Hh (HM,' Bbb) is increased 
5 o that sufficient bond strength cannot be obtained. When the 
thickness of the copper layers Hfia is hO \m or more, heat 
generated with operation of the semiconductor element 87 is 
spread suf f icient 3.y 1 n the plane rii recti on of the copper layers 
86a, so that the heat releasing properties of the heat releasing 
member R3 are further improved. 

The material of the copper layers 06 (06a, 06b) joined 
to the upper and the J ower surtaces ot the heat releasing member 
83 is not limited to pure copper, but can be various copper 
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alloys including copper as the main component, as lonq as il 
hao good heat conductivity and provides sufficient bond 

i 

strength with the substrate 84, which Is a matrix of tunqsten 
or molybdenum and copper. This also applies to the 
through-metal member 85 made of copper. 

It is sufficient that the copper layers 8 6 (86a, 86b) 
joined to the upper and the lower surfaces of the heat releasing 
member 83 are formed at least, for example, in the mounting 
portion for the semiconductor element 87 and the Joint portion 
with the external heat releasing plate of the upper and the 
lower surfaces of a portion in which the plurality of 
through-metal member 85 are buried, and it is not necessary 
that the copper layers 66 (86a, 86b) cover the entire surface 
of the upper and the lower surfaces of the heat releasing member 
83. 

Thus, according to the package 88 for accommodating a 
semiconductor element of the invention as described above, the 
semiconductor element 87 is adhered and fixed onto the mounting 
portion of the heat releasinq member 83 via the adhesive 90 
made of glass, resin or brazing materials, and each electrode 
of the semiconductor element 87 is electrically connected Lo 
the predetermined wiring conductor 91 via the bonding wire 92, 
and is electrically connected to the external lead terminal 
94 attached to the wiring conductor 91 for interconnection, 

i 

if necessary. Thereafter, the sealing resin 82 is injected 
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to the recess 81a formed by the heat releasing member 83 and 
the insulating frame 81 so as to seal the semiconductor element 
87, and the semiconductor element 87 is accommodated in the 
recess 81a. Thus, Lhe semiconductor device can be obtained 
as a product. 

Examplce 

Next, samples were produced in the following manner and 
the package for accommodating a semicondnc.f or *l*ment. and a 
semiconductor device ol the invention was evaluated. 

First, a releasing member having a size of 34 mm x 17 . 4 
mm, and a thickness of 1.9 mm was prepared as the heat releasing 

member 83 shown in Fig. 6- 

The substrate 82 of Lhe heal releasing member 83 is formed 
of a matrix material of tungsten and copper, and has a thickness 
of 1.52 mm. The thickness of the cupper layers 86 (80a, 0Gb) 
of the heat releasing member 83 is each 0.19 mm. 

The side surfaces of rhe copper layer 86a on the mounting 
portion side and the heat releasing member 83 are polished, 
and eighteen kinds of arithmetical roughness Ra from 0- 01 

pm to 36 um respectively are prepared. 

The insulating frame 81 foxmed of alumina ceramics was 
connected to the heat releasing member 83 with a Ag-Cu brazing 
material, and thus Lhe package 88 lor accommodating a 
semiconductor element was obtained. 
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The semiconductor element 87 made of Si {size 5 mm x 5 
mm, thickness 0»3 mm) was mounted on the upper surface of the 
copper layer 86a positioned inside the insulating frame 81 of 
the package 88 for accommudaLlny a semiconductor element with 
an AuSn brazing material, and then the upper surface of the 
package 88 for accommodating * semiconductor element in which 
the semiconductor element 87 was mounted were sealed with an 
epoxy-based sealiny resin 82, and thus a semiconductor device 
93 was obtained. 

The semiconductor device 93 was fed into a lemperaLuie 
cycle test device at -55°C to 125°C and taken out after a 
predetermined number o£ Ley I cycles. Then, the interface 
state of the joint interface portion of the semiconductor 
element 87 and the copper layer 86a was observed with an 
ultrasonic flaw detector and a micro X-ray device to confirm 
whether or not peelinq occurred. 

Table 3 shows the test results of the evaluation tests 
described above. 

The number of feeding cycles for the temperature cycle 
test in the semiconductor device 93 fed Lo Lhe LemperaLure cycle 
test, and occurrence of peeking at the interface between the 
semiconductor element 87 and the copper layers 86a (expressed 
in "upper portion of copper layer" in Table 3) at this time 
was iiivesLiyaLed. Table 3 shows the results for each 
arithmetical mean roughness (unit: ]im) in the upper portion 
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of the copper layer (upper surface of the copper layer 86a) , 
where OK i nrii rates that peeling did not occur, and Nb indicates 
that peeling occurred. 
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Table 3 



Arithmetical mean roughnoes (ym) 



Number of temperature cycle 



200 



0.01 



Upper portion of copper layer | OK 



0.02 



upper portion of copper layer OK 



0.03 



upper portion of copper layer | OK 



0.05 



Upper pnrtion nt copper layer [ OK 



0.07 



0.1 



Upper portion of coppe r layer | OK 
Upper portion of copper layer | OK 



400 600 600 



OK OK NG 



OK OK OK 



1000 



.NG 



OK OK OK 



UK I OK OK 



0.3 



Upper portion of copper layer OK 



0.7 



1.0 



Upper portion of copper layer | OK 



Uppar porti on ot copper layer OK 



h 



Upper portion of copper layer OK 



OK OK OK 



NG 



OK 



OK 



OK 



OK OK OK 



OK OK OK 



OK I OK I OK 



OK OK OK 



OK 



OK 



OK 



OK 
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Upper portion of copper layer | 


OK 


OK I 


OK 1 


OK 1 


OK j 
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Tlppp.r porti on of copper layer | 


OK 


OK 


OK 


OK 1 


OK 


11 . ■ 
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Upper portion of copper layer | 


OK 


OK 


OK 1 


OK 1 


OK 1 
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Upper portion of copper layer J 


OK 


OK 


OK 


OK 


OK 
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Upper portion of copper layer 


1 OK 


OK 


OK 


OK 


• OK 1 














30 


Upper portion of copper layer 


1 OK 


OK 


J OK 


OK 


OK 






32 


Upper portion of copper layer 


1 OK 


OK 


1 OK 


1 OK 


NG 














36 


Upper port .ion of r.opppr laynr 


1 OK 


OK 


1 OK 


I NR 

















As seen from the results shown in Table 3, there is a 
distinct rclationohip between the arithmetical mean roughncee 
R a on the upper surf ace of the copper layer 86a and occurrence 
of peeling at the interface between the semiconductor element 
87 and the copper layer 86a and the interface between the 
ocmiconductor clement 87 and the sealing reein 12. 

More specif lcallv, as shown in Table 3. in the case where 
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the arithmetical mean roughness Ra on the upper surf ace or the 
copper layer 8 6a is less than 0.05 urn, at a feeding cycle of 
1000 or less, peeling occurred at the interface between the 
semiconductor element 87 and the copper layer 8 6a and the 
interface with the sealing resin RZ. which indicates that the 
semiconductor device 93 does not have high scaling 
reliability. 

Fur Lherroore, also in the case where the arithmetical mean 
roughness Ra on the upp«r surface ot the copper layer 86a is 
more than 30 urn, at a feeding cycle of 1000 or icoo, pooling 
occurred at the interface, between the semiconductor element 
87 and the cupper layer 86a, which indicates that the 
semiconductor devir.P. does not have high sealing reliability. 

On the other hand, in the samples that arc package 88 
for accommodating a s«mi conductor element and the 
semiconductor devxue 93 of the invention, in which the 
arithmetical mean roughness Ra on the upper surface of the 
copper layer 86a is 0.05 urn or more and 30 um or lcoc, oven 
at a feeding cycle of 10111). peeling did not occur at the 
interface between the semiconductor element 87 and the copper 
layer 86a, which indicates that the s Ami conductor device has 
hiqh aeallmj reliability. 

Fig. 7 is a cross-sect mnal view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the samp according to a sixth embodiment of the 
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invention. Reference numeral 101 denotes an insulating frame 
as a frame, reference numeral .102 denotes a sealing resin, «md 
reference numeral 103 denotes a heat releasing member. The 
insulating frame 101. the sealing resin 102, and Urn heat 
releasing member 103 constitute a 

s«Tni r.onriuctor-element-accommodating package 108 for 
accommodating a semiconductor element 107 of the invention. 
After the semiconductor element 107 is rouunL«d on a mounting 
portion of the heat releasing member 103, the sealing resin 
1U2 such as epoxy is injected to a recess formed by Uie 
insulating frame 101 and the heat releasing member 103 to seal 
the semiconductor element 107. and thus a semiconductor device 
113 of the invention is formed. 

The insulating frame 101 Is made of an aluminum oxide 
sintered substance, a mullite sintered substance, a glass 
ceramic sintered substance or the like, and is adhered and fixed 
to the heat releasing member 103 via a brazing material 109. 
When adhering and fixing with the brazing material 109. in 
general, a metal layer (not shown) for brazing is formed in 
a joint portion of the insulating frame 101 and the heat 
releasing member 103. 

The semiconductor element 107 is fixed to the 'mounting 
portion, which io a central portion of the upper surface of 
the heat releasing member 103, via an adhesive 110 such as resin, 
glass, or brazing materials. When a brazing material is used 
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as the adhesive 110, in general, a metal layer (not shown) fur 
brazing is formed ,in a joint portion of the heat releasing 
member 103 with the semiconductor element 107. However, when 
sufficient brazing can be achieved with the copper layer 10fi 
(106a) pointed to the mountinq portion on «-he upper surface 
of the heat releasing member 103, a metal layer for brazing 
is not particularly necessary. 

For example, when the insulating frame 101 is made of 
an aluminum oxide, sintered substance, Lhe insulating frame 101 
can be produced in the same manner with the insulating frames 
5, 25, 45, 65 and 81 as described above. 

In the insulating frame 101, the wiring conductor 111 
extendlnq from a recess 101a lormed by Lhe insulating frame 
101 and the heat releasing member 103 to the outer surface of 
the insulatinq frame 101 is formed, ond each electrode of the 
semiconductor element 1107 is electrically connected to one 
end of the wiring conductor 111 vie a bunding wire 112. 

The wiring conductor 111 is made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and printed in a 
predetermined pattern onto the ceramic qreen sheets LhaL 
become the insulating frame 101 by screen printing or the like. 
Thus, the wiring conductor 111 is formed from Lhe recess 101d 
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formed by the insulating frame 101 and the heat releasing member 
103 to the outer surface of the insulating frame 101. 

Furthermore, when a metal ouch ao nickel or gold having 
excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 112 ia attached 
onto the exposed surface of the wiring conductor Ml in 
ttiickneee of 1 to 20 ym by plating, oxidation corrosion of the 
wiring conductor 111 can be effectively prevented and the 
bonding wire 112 can be connected firmly to the wiring conductor 
111. Therefore/ it is preferable to attach a metal such as 
nickel or gold having excellent corrosion rcciotancc and 
excellent bonding properties onto the exposed surface ot the 
wiring conductor 111 in a thicknees of 1 to 20 yam. 

The heat releasing member 103 has a function of absorbing 
the heat generated with operation of the semi conduct or element 
107 and dissipating the heat to the air. The heat re I Rasing 
member 103 can be obtained in the following manner, for example. 
A tungsten powder or a molybdenum powder having an avp.ragp. 
particle size of 5 to 40 >im is molded into a frame like shape 
by pressure so that a through-portion in which a through-metal 
member 105 is buried is formed in the mounting portion for the 
semiconductor element 107, and is sintered in an atmosphere 
with 1300 to 1600°C to be impregnated with 10 to 50 mass % of 
copper. Thus, a porous member having the through-port ion 
formed in the mounting portion for the semiconductor element 
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107 from the upper surface to the lower surface is produped 
beforehand. This porous member is impregnated with copper at 

i 

about 1200 °C in a hydrogen atmosphere. Thus, the substrate 
104 formed of a matrix of tunqsten or molybdenum and copper 
is formed. Then, the through-metal member 105 is buried in 
the substrate 104, and the copper layers 106 (106a, 106b) are 
joined to the upper and the lower eurfaces thereof, so that 
the heat releasing member 103 In the package 108 for 
accommodating a semiconductor element of the invention is 
formed. 

In the copper layer 106 (106a), the central portion on 
the upper surface on which the semiconductor element 107 is 
mounted is, for example, polished so that the arithmetical mean 

roughness Ra is U.Ub urn 25 Ra Si 3U urn. 

When, of the copper layers 106a, the copper layer 106a 

in the central portion of the upper surface that becomes the 
mounting portion for the semiconductor element 107 has the 
arithmetical mean roughness Ra > 30 urn, voids may be generated 
in the adhesive 110 when the semiconductor element 107 is 
adhered and fixed thereto via the adhesive 110 such as glass, 
reein or brazing materials. The voids generated in the 
adhesive 110 not only deqrade the bond strength between the 
semiconductor element 107 and the heat releasing member 103/ 
but also inhibit heat transfer between the semiconductor 
element 107 and the heat releasing member 103 so that the heat 
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dissipation properties of the package 10R for ar.commndati ng 
a semiconductor element can be degraded • 

In the case where the ar.i thmeti cal mean rnnghnftftfi Ra in 
the central portion on the upper surface on which the 
semiconductor elemnnt 1 D7 is mnunteri of the copper layer lUfea 
is Ra < 0.05 pm, the area in which the copper layer 106a and 
the sealing resin 102 are in contact with par.h ether is 
decreased, and the anchoring effect of the sealing resin 102 
to the copper layer TOfia i a reduced, so that, the bond strength 
between the copper layer lOGa and the sealing resin 102 is 
degraded. Thn.s, pfte.ling may occur at the interface between 
the copper layer 106a and the sealing resin 102. 

Thus, it is preferable that the arithmetical mean 
roughness -Ra of the copper layer lOGa in the central portion 
nn the tipper surface that becomes the mounting portion in which 
the semiconductor eltsmenl 87 is xnuunLed is 0.05 put ^ Rd ^ 30 
lim. 

On the other hand, it is preferable that the arithmetical 
mean roughness Ba on the lower surface of the copper layer 106b 
on the opposite side to the upper surface on which the 
semiconductor element 107 is mounted satisfies Ra S 30 pm. 
In general, the package 100 for accommodating a semiconductor 
element is connected to a supporting substrate made ot a metal 
substance such as aluminum or copper, or a ceramic substance 
having a high thermal conductivity by screwing or with melted 
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metal or br zing material ouch as colder. In thie case, when 
the arithmetical mean roughness Ra on the lower surface of the 
copper layer 106b is Ra > 30 um, it is difficult to adhere 
sufficiently the package 108 for accommodating a semiconductor 
element to the supporting substrate, and gape or voids are 
gen p ra tftri between the two components. As a result, it is 
possible that the heat generated in the eemiconductor element 
•I o / r. a nnor. efficiently be transferred from the package 108 lux 
accommodating a semiconductor element to the supporting 
substrate. Therefore, it is preferable that the surface of 
the copper loycr 106b on the lower surface is smooth so as to 
obtain good adhesiveness with the supporting substrate. 

It is preferable that the arithmetical mean roughness 
rb on the lower surface of the copper layer 106b on the opposite 
side to the upper surface on which the semiconductor element 
107 is mounted is Ra ^ .10 ,jm, and the surtace is smooth. 

AD shown in the plan view of the substrate 104. formed 
ot a matrix of tungsten or molybdenum and copper when the heat 
releasing member 103 is viewed from the side of the mounting 
portion in fig. 8, the through-metal member 105 is formed so 
« to have an outer circumference that lo larger than the outer 
circumference of the semiconductor element 7 by a thickness 
T of the substrate 104, that is, an outer circumference that 
is apart outward from the outer circumference of the 
ocmiconductor element 107 by a thickness T of the substrate 
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104 over th entire outer circumference thereof - Tn general , 
in th* case of an isotropic material, heat i. transmitted 
equally in the plane direction *nri th* vertical direction, and 
consequently is transmitted with a spread of about 45 degrcca. 
Therefore, it is preferable that the thrnugh-tnftta I member lUb 
has an outer circumference that is larger than the outer 
circumference of the semiconductor element 107 by a thickness 
T of the substrate 104 in order to obtain about 45 degrees oo 
the angle 114 made by the through-metal member 105 and .the 
reuiun of Lhe mounting portion for the semiconductor element 
101 . 

XL is preferable that the thickness of the copper layers 
106 (106a, 106b) is Rnn \m or less, because when the thickness 
LllB , BO r is larger than 800 urn, the stress generated by the 
difference in the th*™*! expansion between the substrate 104 
and Lhe copper layers 106 (106a. 10Gb) is increased so that 
sufficient bond strength cannot ba obtained- When the 
Lhickness o£ Lhe copper layers 106 (106a, 106b) is SO urn or 
more, heat generated .with operation of the semiconductor 
element- 107 is spread sufficiently in the plane direction. of 
the copper layers 106 (106a, 106b) , so that the heat releasing 
p^pei-lies of the heat releasing member 103 are further 
improved. 

The material of the copper layers 106 (106a, 106b) joined 
to the upper and th« lower snrfar.es of the substrate 104 ot 
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the heat releasing member 103 is not limited to pure copper, 
but can be various topper alloys including copper aa the main 
component, as long as it has good heat conductivity and provides 
sufficient bond strength with the substrate 104, which is a 
matrix of tungsten or molybdenum and copper. Thi s also applies 
to the through-meLal member 105 made of copper. 

For the copper layers 106 (106a, 106b) joined to the upper 
and the lower surfaces of the heat releasing member 103, it 
ie sufficient that of the upper and the lower surfaces ot a 
portion in which the through-metal members 105 are buried, for 
example, the copper layers 106 (106a, It) 6b) are lormed at least 
in a mountinq portiux) of the. semiconductor element 107 and a 
joint portion of external heat releasing plate. It is not 
necessary that the copper layers 106 (106a, 106b) are formed 
eo as to cover the entire surface of the upper and the lower 
surfaces of the heat releasing member 103. 

Thus, according to the package 10H tor accommodating a 
semiconductor element of Lhe invention as described above, the 
semiconductor element 107 is adhered and fixed onto the 
mounting portion of the heat releasing member 103 via the 
adhesive 110 made of glass, resin or brazing materials, and 
each electrode of the semiconductor element 107 is 
electrically connected to the predetermined wiring conductor 
111 via the bonding wire 112, end is electrically connected 
to th external lead terminal 115 attached to the wiring 
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conductor 111 for interconnection, il necessary. Thereafter/ 
the sealing resin 102 is injected to the recess 101a formed 
by the heat releasinq member 103 and the insulating frame 101 
so as to seal the semiconductor element 107, and th« 
semiconductor element 107 is accommodated in the recess 101a. 
Thus, the semiconductor device can be obtained as a product. 

Fig- 9 is a crosa-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to « seventh embodiment of the 
invention. Reference numeral 121 denotes a heat releasing 
member, reference Humeri! 122 denotes a substrate of the heat 
releasing member 121, reference numeral 123 denotes a 
throuqh-melal member, reference numeral 124 (124a, 124b) 
denotes copper layers, reference numeral 12 5 denotes an 
lnsulatiiiq frame as a frame, reference numeral 125a denotes 
a recess, reference numeral 126 denotes a wiring conductor, 
reference numeral 127 deuutes a lead terminal, and reference 
numeral 130 denotes a sealing resin. The heat releasing member 
121 and the insulating, fxame 125 and the sealing resin 130 
constitute a semiconductor-element-accommodating package 128 
for accommodating a semiconductor element 131. After the 
semiconductor element 131 is mounted on a mounting portion of 
the heat releaainq member 121, the sealing resin 130 is injected 
to the recess 125a formed of the heat releasing mamhar 121 and 
the insula tiny frame 125 bo as Lo cover the mounting portion 
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lu seal Lhe semiconductor element 131. Thus, a semiconductor 
device 134 of thp invention is tormed. 

The insulating frame 125 is made of an aluminum oxide 
sintered substance, a mullite s inhered substance, a glass, 
ceramic sintered substance or the like, and io adhered, fixed 
and attached to the upper, surtar.fi of r.he hear, releasing member 
121 by surrounding the mounting portion via a brazing matcriol 
129. When adhering and tlxmg with r.he brazing material 129, 
in general, a metal layer (not shown) for brazing is formed 
in a joint portion ox the insulating frame 125 and the heat 

releasing member 121. 

The semiconductor element 1111 is fixed to the mounting 
portion, which is a central portion of the upper surface of 
the heat releasi ng member 3 21, via an adhesive 132 such as resin, 
glass, or brazing materials. When a brazing material is used 
as the adhesive 1 :■)/!, in general, a metal layer (not shown) for 
brazing is formed in a joint portion of the heat releasing 
member 121 with thp snmi r.nnrlnr.t.or element 131. However, when 
sufficient brazing can be achieved with the copper layer 124 
(l?4a) jointed t.o the upper surface ot the through-metal member 
123 of the heat releasing member 121, a metal layex for brazing 
is not particularly necessary. 

For example , when the insulating frame 125 is made of 
an aluminum oxide sintered substance, the insulating frame 125 
can be produced in the same manner with the insulating frames 
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5, 25, 45, 65, 81 and 101 as described above. 

In the insulating frame 125, the wiring conductor 126 
extending from the peri r n«ry ot the mounting portion inside 
a recess 125a formed by the heat releasing member 121 and the 
insulating frame 125 to the outer surface of the insulating 
frame 125 is formed, and each electrode of the semiconductor 
element 131 is electrically connected to one end inside Lhe 
recess 125a of the wiring conductor 126 via a bonding wire 133. 

The wiring conductor 12b is made of a high melting point 
metal such as tunysten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and priuLed in a 
predetermined pattern onto the ceramic green sheets that 
become the insulating frame 12b by screen printing or the like. 
Thus, the wiriny conductor 126 is formed from the periphery 
of the mounting portion inside the recess 125a formed by the 
heat releasing member 121 and the insulating frame 125 to the 
outer surface of th« insulating frame 125. 

Furthermore, when a metal such as nickel or gold having 
excellent corrosion resistance »nri excellent bonding 
properties with respect to the bonding wire 133 is attached 
onto thB exposed surrace ot the wiring conductor 126 in a 
thickness of 1 to 20 urn by plating, oxidation corrosion of the 
wiring conductor l?fi ran be effectively prevented and the 
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Wing wire 133 can be connected firmly to the wiring conductor 
126. Tb«retore, it is preferable to attach a metal such a S 
nickel or gold having excellent corrosion resistance and 
exce.n «n*. bonding properties onto the exposed surface of the 
wiping conductor 12G in a thickness of 1 to 20 um. 

The heat releasi ng number 1 21 has a function of absorbing 
the heat generated with operation of the semiconductor element 
131 and dissipating the hear, to r he air. or transferring the 
heat to en external heat releasing plate. The heat releasing 
member 12 1 can Ym obt.a 1 ned in the tollowing manner , for example . 
A tungsten powder or a molybdenum powder having an average 
parties of h to «U um is molded into a frame-like shape 

by pressure so that a single through-portion is formed in. the 
mounting portion tor the semiconductor element 131. and is 
sintered in an atmosphere with 1300 to 1600'C, then the heat 
releasing mP.mb*r 131 nan be obtained. A porous member having 
the single through portion formed in the mounting portion for 
the semiconductor element 131 trom the upper surface to the 
lower surface is produced beforehand. This porous member is 
impregnated with 10 to h0. mass * ot copper at about 1200 «C in 
a hydrogen atmosphere, then the plate -like substrate 122 
formed of a matrix ot tungsten or molybdenum and copper is 
produced. The heat releasing member 121 is formed by burying 
the single through-metal member 123 made of copper in the 
central portion of the substrate 122 from the upper surface 
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to the lower surface, furthermore, by covering the upper, 
surface or the substrate 122 end the through metal mombor 123 
with the copper layer 124a and hy covering the lower surface 
of Lhe substrate 122 end the through metal member 123 with the 
copper layer 12*b to joint the copper layers 124a and 124b. 

Wben, of the copper layers 124, the copper layer 124a 
on the upper surface of the heat releasing member 121 that 
become* Lhe mounting portion for the semiconductor clement 131 
has Ra > 30 pm, where Ra is the ari thmetical mean roughness 
on the upper surface thereof, voids may be generated in the 
adhesive 132 when the semi conductor element 131 is adhered and 
fixed thereto via Lhe adhesive 132 such as glass, resin or 
brazing materials . . The void., generated in the adhesive 132 
not only degrade Lhe bond strength between the semiconductor 
element 131 and the heat releasing member 121, but also inhibit 
neat transfer between the semiconductor element 131 and the 
heat releasing member 121 so that the heat dissipation 
properties of the package 128 for accommodating a 
semiconductor element and the semi conductor device 131 can be 

deqraded. 

It is preferable that the arithmetical mean roughness 
Ra on Lhe uppex .uxf.ee of the copper layer 124b of the substrate 
122 on which the semiconductor element 131 is mount** is Ka 

^ 30 um, and the surface is smooth. 

The through-metal mpmher 1 73 i s formed such that the size 
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of its upper surface is equal to the size of the semiconductor 
element 131 in the mounting portion and its lower surface is 
larger than the upper surface. In general, in the case of an 
isotropic material/ heat is transmitted equally in the plane 
direction and the vertical direction, and consequently is 
transmitted with a spread of about 45 degrees with respect to 
the plane direction and the vertical direction. Therefore, 
it is preferable that the angle 15 made by the side face of 
the through-metal member 123 and the region of the mounting 
portion for the semiconductor element 131 is about 45 degrees, 
and that the size of the cross sectional area of the 
through-metal member 123 is increased from the upper surface 
to the lower surface with an inclination angle of about 45 
degree at its side face in this manner. 

On the other hand, it is preferable that the arithmetical 
mean roughness Ra on the lower surface of the copper layer 124b 
joined to the lower surface of the substrate 122 and the 
through-metal member 123 -on the opposite side to the upper 
surfa.ce on which thfe semiconductor element 131 is mounted 
satisfies Ra ^ 30 urn. The package 128 for accommodating a 
semiconductor element of the invention may be connected to a 
supporting substrate made of a metal substance such as aluminum 
or copper, or a ceramic substance having a high thermal 
conductivity by screwing or with melted metal or brazing 
material such as solder. In this case, when the arithmetical 



mean roughness Ra on the lower surf ace of the copper layer 124b 
is Ra > 30 pm, it is 'difficult to adhere sufficiently the package 
128 for accommodating a semiconductor element to the 
supporting substrate, and gaps or voids are generated between 
the two components. As a result, it is possible that the heat 
generated in the semiconductor element 131 cannot efficiently 
be transferred from the package 128 for accommodating a 
semiconductor element to the supporting substrate. Therefore, 
it is preferable that the lower surface that is the outer 
surface of the copper layer 124b on the lower surface is smooth 
and Ra = 30 urn so as to obtain good adhesiveness with the 
supporting substrate. 

It is preferable that the thickness of the copper layers 
124 (124a, 124b) is 800 pm or less, because when the thickness 
thereof is larger than 800 pm, the stress generated by the 
difference in the thermal expansion between the substrate 122 
and the copper layers 124 (124a, 124b) is increased so that 
sufficient bond strength .cannot be obtained. When the 
thickness of the copper layers 124 (124a, 124b) is 50 pm or 
more, heat generated with operation of the semiconductor 
element 131 is spread sufficiently in the plane direction of 
the copper layers 124 (124a, 124b) , so that the heat releasing 
properties of the heat releasing member 121 are further 
improved. 

The material of the copper layers 124 (124a, 124b) joined 



to the upper and the lower surfaces of the substrate' 122 of 
the heat releasing member 121 is not limited to pure copper, 
but can be various copper alloys including copper as the main 
component, as long as it has good heat conductivity and provides 
sufficient bond strength with the substrate 122, which is a 
matrix of tungsten or molybdenum and copper. This also applies 
to the through-metal member 123 made of copper. 

Thus, according to the package 128 for accommodating a 
semiconductor element of t.he invention as described above, the 
semiconductor element 131 is adhered and fixed onto the 
mounting portion of the heat releasing member 121 via the 
adhesive 132 made of glass, resin or brazing materials, and 
each electrode of the semiconductor element 131 is 
electrically connected to the predetermined wiring conductor 
126 via the bonding wire 133. Thereafter, the sealing resin 
130 is injected to the recess 125a formed by the heat releasing 
member 121 and the insulating frame 125 so as to cover the 
mounting portion and seal the semiconductor element 131. Thus, 
the semiconductor device 134 'can' be obtained as a product. 

Fig. 10 is a cross-sectional view showing a package for 
accommodating a semiconductor element and a semiconductor 
device using the same according to an eighth embodiment of the 
invention. Reference num ra.l 141 denotes a heat releasing 
member, reference numeral 142 denotes a substrate of the heat 
releasing member 141, reference numeral 143 denotes a 



through-metal member, reference numeral 144 (144a, 144b) 
denotes copper layers, reference numeral 145. denotes an . 
insulating frame, reference numeral 146 denotes a wiring 
conductor, reference numeral 147 denotes a lead terminal, and 
reference numeral 150 denotes a sealing resin. The heat 
releasing member 141 and the insulating frame 145 and the 
sealing resin 150 constitute a 

semiconductor-element-accommodating package 148 for 
accommodating a semiconductor element 151. After the 
semiconductor element 151 is mounted on a mounting portion of 
the heat releasing member 141, the sealing resin 150 is injected 
to a recess 145a formed by the heat releasing member 141 and 
the insulating frame 145 so as to cover the mounting portion 
to seal the semiconductor element 151. Thus, a semiconductor 
device 14 of the invention is formed. 

The insulating frame 145 is made of an aluminum oxide 
sintered substance,^ a mullite sintered substance, a glass 
ceramic sintered substance or the like, and is adhered, fixed 
and attached to the upper surface "of the heat releasing member 
141 by surrounding the mounting portion via a brazing material 
149. When adhering and fixing with the brazing material 149, 
in general, a metal layer (not shown) for brazing is formed 
in a joint portion of the insulating frame 145 and the heat 
releasing member 141. 

The semiconductor element 151 is fixed to the mounting 



portion, which is a central portion of the upper surfac of 
the heat releasing member 141, via an adhesive 152 such as resin, 
glass, or brazing materials. When a brazing material is used 
as the adhesive 152, in general, a metal layer (not shown) for 
brazing is formed in a joint portion of the heat releasing 
member 141 with the semiconductor element 151. However, when . 
sufficient brazing can be achieved with the copper layer 144 
(144a) jointed to the upper surface of the heat releasing member 
141, a metal layer for brazing is not particularly necessary. 

For example, when the insulating frame 145 is made of 
an aluminum oxide sintered substance, the insulating frame 145 
can be produced in the same manner with the insulating frames 
5, 25, 45, 65, 81, 101 and 125 as described above. 

In the insulating frame 145, the wiring conductor 146 
extending from the periphery of the mounting portion inside 
a recess 145a formed by the heat releasing member 141 and the 
insulating frame 145 to the outer surface of the insulating 
frame 145 is formed, and each electrode of the semiconductor 
element 151 is electrically connected to one end inside the 
recess 125a of the wiring conductor 126 via a bonding wire 153. 

The' wiring conductor 146 is made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner. A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and printed in a 



predetermined pattern onto the ceramic green sheets that 
become the insulating frame 145 by screen printing or the like. 
Thus, the wiring conductor 146 is formed from the periphery 
of the mounting portion inside the recess 145a formed by the 
heat releasing member 141 and the insulating frame 145 to the 
outer surface of the insulating frame 145. 

Furthermore, when a metal such as nickel or gold having 
excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 153 is attached 
onto the exposed surface of the wiring conductor 14 6 in a 
thickness of 1 to 20 pm by plating, oxidation corrosion of the 
wiring conductor 146 can be effectively prevented and the 
bonding Wire 153 can be connected f irmly to the wiring conductor 
146. Therefore, it is preferable to attach a metal such as 
nickel or gold having excellent corrosion resistance, and 
excellent bonding properties onto the exposed surface of the 
wiring conductor 146 in a thickness of 1 to 20 ym. 

The heat releasing member 141 has a function of absorbing 
the heat generated with operation of the semiconductor element 
151 and dissipating the heat -to the air, or transferring the 
heat to an external heat releasing plate. The heat releasing 
member 141 can be formed in the following manner. For example, 
a tungsten powder or a molybdenum powder having an average 
particle size of 5 to 40 ]im is molded by pressure so that a 
through-hole is formed in the mounting portion for th 



semiconductor element 151, and is sintered in an atmosphere 
with 1300 to 1600°C. Thus, a porous member having the 
through-hole formed in the mounting portion for the 
semiconductor element 151 from the upper surface to the lower 
surface is produced beforehand. This porous member is 
impregnated with 10 to 50 mass % of copper at about 1200 °C in . 
a hydrogen atmosphere. Thus, a plate-like substrate 2 formed 
of a matrix of tungsten or molybdenum and copper is produced. 
The through-metal member 143 made of copper is buried in a 
through-hole formed in the mounting portion in the center of 
this substrate 142 from the upper surf ace to the lower surface 
in the mounting portion of the substrate 142 . Then, the copper 
layer 144a is joined thereto so as to cover the upper surface 
of the substrate 142 and the through-metal member 143, and the 
copper layer 144b is joined thereto to cover the lower surface 
of the substrate 142 and the through-metal member 143. 

The cross-section area of the through-metal member 143 
can be gradually increased toward the joint portion with the 
copper layer 144 (14~4a, 144b) in a shape of a step or a slope. 

The cross- section area' of the through-metal member 143 
can be increased gradually from the center side of the substrate 
142 to the joint portion with the copper layer 144 (14 4a, 144b) 
in the following manner. A porous memb r that becomes the 
substrate 142 is formed, and a through-hole in which the 
through-metal member 143 is buried is form d. Thereafter, the 



edge portion of the opening of this through-hole can be shaped 
into a predetermined shape with ah end mill processing machine 
or the like. Thus, either shape of a step-like or a slope-like 
shape can be produced. 

A step-like or a slope^like shape can be produced by 
making a jig pin forming the through-hole in which the 
through-metal member 143 is buried into a step-like or a 
slope-like shape toward the opening of the through-hole, when 
forming the porous member that becomes the substrate 142 by 
molding a tungsten powder or a molybdenum powder by pressure. 

When, of the copper layers 144 r the copper layer 144a 
on the upper surface of the substrate 142 that becomes the 
mounting portion for the semiconductor element 151 has Ra > 
30 pm, where Ra is the arithmetical mean roughness on the upper 
surface thereof, voids may be generated in the adhesive 152 
when the semiconductor element 151 is adhered and fixed thereto 
via the adhesive 152 "such as glass, resin or brazing materials . 
The voids generated in the adhesive 152 not only degrade the 
bond strength between the -semiconductor element 151 and the 
heat releasing member 141, .but also inhibit heat transfer 
between the semiconductor element 151 and the heat releasing 
member 141 so, that the heat dissipation properties of the 
package 14 8 for accommodating a semiconductor element and the 
semiconductor device 154 can be degraded. 

The through-metal member 143 is formed such that the 



cross-section area ther of is increased gradually from the 
center side of the substrate 142 to the joint portion with the 
copper layer 144 (144a, 144b) . When the cross-section area 
is uniform like a commonly used through-hole member r the 
through-metal member expands and pushes up the copper layers 
on the upper and the lower surface of the substrate at the time 
of high temperatures when assembling the package for 
accommodating a semiconductor element. Then,. the 
through-metal member starts to be shrunk when being cooled, 
but does not completely return to the original state, because 
copper has been plastically deformed- As a result, the surface 
roughness of the copper layers is increased. On the other hand, 
when the through-metal member 143 is formed such that the 
cross-section area thereof is increased gradually from the 
center side of the substrate 142 to the joint portion with the 
copper layer 144 (144a, 144b) , the edge portion of the opening 
of the through-hole J.n which the through-metal member 143 is 
buried and that is in contact wi1:h the copper layers 144 (144a, 
144b). and formed in the plate-like substrate 142 formed of a 
matrix of tungsten or molybdenum and copper forms an obtuse 
angle. As a result, the contact friction resistance between 
the through-metal member 143 and the substrate 142 is reduced, 
so that the through-metal member 143 that has expanded and been 
plastically deformed at high temperatures in assembling the 
package 148 for accommodating a semiconductor element can 



easily return to the original state at the time of cooling. 
Consequently, it is prevented that the copper layers 144 (14 4a, 
144b) positioned above and below the through-metal member 143 
are pushed up and pulled back so that the surface roughness 
thereof is increased. 

When the cross-section area thereof is increased ■ 
gradually from the center side of the substrate 142 to the joint 
portion with the copper layer 144 (lj44a, 144b) r it is preferable 
that the cross-section area of the through-metal member 143 
in the joint portion with the copper layers 144 (144a, 144b) 
is 10% larger than that of the portion positioned in the central 
portion of the substrate 142. The cross-section area of the 
through-metal member 143 can be increased up to the middle point 
between the adjacent through-metal members 143. 

On the other hand, it is preferable that the arithmetical 
mean roughness Ra on the lower surface of the copper layer 144b 
joined to the lower surface of the substrate 142 on the opposite 
side to the upper surface -on which the semiconductor element 
151 is mounted satisfies Ra ^ 30 pm. In general, the package 
148 for Accommodating a semiconductor element is connected to 
a supporting substrate made of a metal substance such as 
aluminum or copper, or a ceramic substance having a high thermal 
conductivity by screwing or with melted metal or brazing 
material such as solder. In this case, when the arithmetical 
mean roughness Ra on the lower surface of the copper layer 144b 



of the substrate 142 is Ra > 30 \m, it is difficult to 'adhere 
sufficiently the package 148 for accommodating a semiconductor 
element to the supporting substrate, and gaps or voids are 
generated between the two components. As a result, it is 
possible that the heat generated in the semiconductor element 
147 cannot efficiently be transferred from the package 148 for 
accommodating a semiconductor element to the supporting 
substrate. Therefore, it is preferable that the lower surface 
that is the outer surface of the copper layer 144b on the lower 
surface is smooth so as to obtain good adhesiveness with the 
supporting substrate. 

It is preferable that the arithmetical mean roughness 
Ra on the lower surface of the copper layer 144b joined to the 
lower surface of a portion in which the through-metal member 

143 of the substrate 142 is buried on the opposite side, to the 
upper surface on which the semiconductor element 151 is mounted 

is Ra ^ 30 pm, and^the surface is smooth. 

It is preferable that the- thickness of the copper layers 

144 (144a, 144b) is 800 ym or Xess] because when the thickness 
thereof is larger than 800 .pm, the stress generated by the 
difference in the thermal expansion between the substrate 142 
and the copper layers 144 (144a, 144b) is increas d so that 
sufficient bond strength cannot be obtained. When the 
thickness of th copper layers 144 (144a, 144b) is 50 ym or 
more r heat generated with operation of the semiconductor 



element 11 is spread sufficiently in the plane direction of 
the copper layers i44 (144a, 14 4b) , so that the heat releasing 
properties of the heat releasing member 141 are further 
improved. 

The material of the copper layers 144 (144a f 144b) joined 
to the upper and the lower surfaces of the substrate 142. of 
the heat releasing member 141 is not limited to pure copper, 
but can be various copper alloys including copper as the main 
component, as long as it has good heat conductivity and provides 
sufficient bond strength with the substrate 142, which is a 
matrix of tungsten or molybdenum and copper . This also applies 
to the through-metal member 143 made of copper. 

i 

It is sufficient that the copper layers 144 (144a, 144b) 
joined to the upper and the lover surfaces of the substrate 
142 of the heat releasing member 141 are formed at least, for 
example, in the mounting portion for the semiconductor element 
151 and the joint portion with the external heat releasing plate 
of the upper and the lower surfaces of a portion in which the 
plurality of through-metal member 143 are buried, and it is 
not necessary that the copper layers 144 (144a, 144b) are formed 
so as to cover the entire surface of the upper and the lower 
surfaces of the heat releasing member 141 as shown in Fig* 10, 

Thus, according to the package 148 for accommodating a 
semiconductor element described above, the semiconductor 
element 151 is adhered and fixed onto the mounting portion of 



the heat r . leasing member 141 via the adhesive 152 made of glass, 
resin or brazing materials, and each electrode of the 
semiconductor element 151 is electrically connected to the 
predetermined wiring conductor 146 via the bonding wire 153. 
Thereafter, the sealing resin 150 is injected into the recess 
145a formed by the heat releasing member 141 and the insulating 
frame 145 so as to cover the mounting portion to seal the 
semiconductor element 151 in the recess 145a, and thus the 
semiconductor device 154 can be obtained as a product. 

Fig. 11 is a cross-sectional view showing a package for 
accommodating a semiconductor element using the heat releasing 
member, and a semiconductor device using the same according 
to a ninth embodiment of the invention, and shows one example 
of a package for accommodating a semiconductor element and 
semiconductor device of the invention. In Fig. 11, reference 
numeral 161 denotes a heat releasing member, reference numeral 
162 denotes a substrate of the heat releasing member 161, 
reference numeral 163 denotes- a through-metal member, 
reference numeral 1*64 (1643/164^) denotes a copper layer, 
reference numeral 165 denotes an insulating frame as a frame, 
reference numeral 166 denotes a wiring conductor, reference 
numeral 167 denotes a lead terminal, and reference numeral 170 
denotes a lid. The heat releasing member 161 and the 
insulating frame 165 and the lid 170 constitute a 
semiconductor-element-accommodating package 168 for 



accommodating a semiconductor element 171. After the 
semiconductor element 171 is mounted on a mounting portion of 
the heat releasing member 161, the lid 170 is attached to the 
upper surface of the insulating frame 165 for sealing in such 
a manner that the mounting portion is covered, and thus a 
semiconductor device 174 is formed. 

The insulating frame 165 is made of an aluminum oxide 
sintered substance, a mullite sintered substance, a glass 
ceramic sintered substance or the like, and is adhered and fixed 
to the upper surface of heat releasing member 161 surrounding 
the mounting portion via a brazing material 169 . When adhering 
and fixing with the brazing material 169, in general, a metal 
layer (ndt shown) for brazing is formed in a joint portion of 
the insulating frame 165 and the heat releasing member 161. 

The semiconductor element 161 is fixed to the mounting 
portion, which is a central portion of the upper surface of 
the heat releasing member 161, via an adhesive 172 such as resin, 
glass, or brazing materials. When a brazing material is used 
as the adhesive 172, -in general, a metal layer (not shown) for 
brazing is formed in a joint portion of the heat releasing 
member 161 with the semiconductor element 171. However, when 
sufficient brazing can be achieved with the copper lay r 164 
(164a) jointed to the mounting portion on the upper surface 
of the heat releasing member 161, a metal layer for brazing 
is not particularly nec ssary. 



For example, wh n the insulating frame 165 is iriade of 
an aluminum oxide sintered substance, the insulating frame 65 
can be produced in the same manner with the insulating frames 
5/ 25, 45, 65, Bl, 101, 125 and 145 as described above. 

In the insulating frame 165, the wiring conductor 66 
extending from the periphery of the mounting portion inside 
a recess 165a formed by the heat releasing member 161 and the 
insulating frame 165 to the outer surface of the insulating 
frame 165 is formed, and each electrode of the semiconductor 
element 171 is electrically connected to one end inside the 
recess 165a of the wiring conductor 166 via a bonding wire 173. 

The wiring conductor X66 is made of a high melting point 
metal such as tungsten or molybdenum, and formed by the 
following manner . A metal paste obtained by adding and mixing 
a suitable organic binder, solvent or the like to a metal powder 
such as tungsten or molybdenum is applied and printed in a 
predetermined pattern onto the ceramic green sheets that 
become the insulating frame 165 by screen printing or the like. 
Thus,, the wiring conductor' 166 is formed from the periphery 
of the mounting portion inside the recess 165a formed by the 
heat releasing member 161 and the insulating frame 165 to the 
outer surface of the insulating frame 165. 

Furthermore, when a metal such as nickel or gold having 
excellent corrosion resistance and excellent bonding 
properties with respect to the bonding wire 173 is attach d 



onto the exposed surface of the wiring conductor 166 in a 
thickness of 1 to £0 \im by plating, oxidation corrosion of the 
wiring conductor 166 can be effectively prevented and the 
bonding wire 173 can be connected firmly to the wiring conductor 
166. Therefore, it is preferable to attach a metal such as 
nickel or gold having excellent corrosion resistance and 
excellent bonding properties onto the exposed surface of the 
wiring conductor 166 in a thickness of 1 to 20 >im. 

The heat releasing member 161 has a function of absorbing 
the heat generated with operation of the semiconductor element 
171 and dissipating the heat to the air, or transferring the 
heat to an external heat releasing plate. For example, a 
tungsten powder or a molybdenum powder having an average 
particle size of 5 to 40 ym is molded into a frame-like shape 
by pressure, and is sintered in an atmosphere with 1300 to 
1600°C so as to be impregnated with 10 to 50 mass % of copper, 
and then drilling is, perf ormed L with respect to the frame-like 
shape to form the through-metal member 163 in the central 
portion of the substrate 162 from the upper surface to the lower 
surface.' The frame-like shape formed from the upper surface 
to the lower surface in the mounting portion for the 
semiconductor. element 171 is filled with a predetermined 
amount of diamond particles and a silver and copper alloy powder, 
and then sintered by being fired at a temperature of 800 to 
1000°C in a vacuum atmosphere. Thus, the heat releasing member 



161 including the frame-like substrate 162 formed of a matrix 
of tungsten or molybdenum and copper and having the single 
through-conductor, the through-metal member 163 made of 
diamond and a silver-copper alloy that is buried in the central 
portion of the substrate 162 f rom the upper surface to the lower 
surface, the copper layer 164a joined thereto so as to cover 
the upper surface of the substrate 162 and the through-metal 
member 163, and' the copper layer 164b joined to the lower 
surface of the substrate 162 and the through-metal member 163 
is formed. 

In this embodiment for the diamond and the silver-copper 
alloy constituting the through-metal member 163, it is 
preferable regarding the constitutional ratio of the diamond 
and the silver-copper alloy that the constitutional ratio of 
the diamond is 60 to 40 mass %, and that the constitutional 
ratio of the silver-copper alloy is 40 to 60 mass %. When the 
constitutional ratio of the diamond is more than 60 mass %, 
the silver-copper alloy component that is filled between the 
diamond particles is insufficient, so that in some portions 
inside the through-metal member 163, bonding between the 
diamond and the silver-copper alloy is insufficient. 
Therefore, a sufficiently dense component cannot be obtained, 
and consequently it tends to be difficult to transmit 
effici ntly the heat generated in the semiconductor element 
171 through the through-metal member 163. When the 



constitutional ratio of the diamond is less than 40 mass %, 
the through-metal member 163 can be sufficiently dense inside, 
but the heat conductivity of the through-metal member 163 is 
significantly reduced, depending on the heat conductivity of 
the silver-copper alloy. As a result, it tends to be difficult 
to transmit efficiently the heat generated in the 
semiconductor element 171 through the through-metal member 
163. 

The heat releasing membet 161 of the invention can be 
obtained in the following manner. Diamond and a silver-copper 
alloy are weighed in predetermined amounts to provide the 
constitutional ratio as above, and then a powder obtained by 
mixing these components is filled in the frame-like substrate 
162 formed of a matrix of tungsten or molybdenum and copper 
by pressure. The upper surface and the lower surf ace, of the 
substrate 162 are sandwiched by the copper layers 164a and 164b, 
and sintering is performed at a temperature of 780 P C to 900°C 
in a reducing atmosphere. . Thus, the heat releasing member 161 
can be obtained. At- this time, the heat releasing member 161 
has a dense structure in which the surrounding of the diamond 
is f illedwith the silver-copper alloy in the form of a matrix, 
so that the high heat conductivity of the diamond can be 
exhibited efficiently and utilized. Thus, since the heat 
conductivity of the through-metal member 163 is sufficiently 
high, the heat generated in the semiconductor element 171 can 



be released to the air efficiently. 

When/ of the copper layers 164, the copper layer 164a 
on the upper surface of the heat releasing member 161 that 
becomes the mounting portion for the semiconductor element 171 
has Ra > 30 pm, where Ra is the arithmetical mean roughness 
on the upper surface thereof, voids may be generated in the 
adhesive 172 when the semiconductor element 171 is adhered and 
fixed thereto via the adhesive 172 such as glass, resin or 
brazing materials. The voids generated in the adhesive 172 
not only degrade the bond strength between the semiconductor 
element 171 and the heat releasing member 161, but also inhibit 
heat transfer between the semiconductor element 171 and the 
heat releasing member 161 so that the heat dissipation 
properties of the package 168 for accommodating a 
semiconductor element and the semiconductor device 174 can be 
degraded. 

Therefore, it is preferable that the arithmetical mean 
roughness Ra of the copper layer 164a on the upper surface of 
the substrate 162 that becomes the mounting portion for the 
semiconductor element 171. satisfies Ra ^ 30 ]im so that its 
surface is smooth. 

As shown in the plan view of the substrate 162 when the 
heat releasing member 161 is vi wed from the side of the 
mounting portion in Fig. 8, the through-metal member 163 is 
formed so as to have an outer circumference that is larger than 



the outer circumfer nee of the semiconductor element 171 by 
a thickness T of the substrate 162 , that is, an outer 
circumference that is apart outward from the outer 
circumference of the semiconductor element 171 by a thickness 
T of the substrate 162 over the entire outer circumference 
thereof. In general, in the case of an isotropic material, 
heat is transmitted equally in the plane direction and the 
vertical direction, and consequently is transmitted with a 
spread of about 45 degrees. Therefore, it is preferable that 
the through-metal member 163 has an outer circumference that 
is larger than the outer circumference of the semiconductor 
element 171 by a thickness T of the heat releasing member 161 
in order to obtain about 45 degrees as the angle 175 made by 
the through-metal member 163 and the region of the mounting 
portion for the semiconductor element 171. 

On the other hand, it is preferable that the arithmetical 
mean roughness Ra on^the lower surface of the copper layer 164b 
joined to the lower surface of the substrate 162 and the 
through-metal member 163 on the opposite side to the upper 
surface on which the semiconductor element 171 is mounted 
satisfies Ra ^ 30 jim. in general, the package 168 for 
accommodating, a semiconductor element is connected to a 
supporting substrate made of a metal substance such as aluminum 
or copper or a ceramic substance having a high thermal 
conductivity by screwing or with melted metal or brazing 



material such as solder. In this case, wh n the arithmetical 
mean roughness Ra on the lower surface of the copper layer 164b 
is Ra > 30 urn, it is difficult to adhere sufficiently the package 
168 for accommodating a semiconductor element to the 
supporting substrate, and gaps or voids are generated between 
the two components: As a result, it is possible that the heat 
generated in the semiconductor element 171 cannot efficiently 
be transferred from the package 168 for accommodating a 
semiconductor element to the supporting substrate. Therefore, 
it is preferable that the lower surface, which is the outer 
surface of the copper layer 164b on the lower surface, is as 
smooth, so as to have arithmetical mean roughness Ra £ 30 urn 
to obtain good adhesiveness with the supporting substrate. 

It is preferable that the thickness of the copper layers 
164 (164a, 164b) is 800 um or less, because when the thickness 
thereof is larger than 800 um, the stress generated by the 
difference in the thermal expansion between the substrate 162 
and the copper layers 164. (164a, 164b) is increased so that 
sufficient bond strength cannot be obtained. When, the 
thickness of the copper layers 164 (164a, 164b) is 50 um or 
more, heat generated with operation of the semiconductor 
element 171 is spread sufficiently in the plane direction of 
the copper layers 164 (164a, 164b), so that the heat releasing 
properties of the heat releasing member 161 are further 
improved. 



The material of the copper layers 164 {164a, 164b) joined 
to the upper and the lower surfaces of the substrate 162 of 
the, heat releasing member 161 and the through-metal member 163 
is not limited to pure copper, but can be various copper alloys 
including copper as the main component, as long as it has good 
heat conductivity and provides sufficient bond strength with 
the substrate 162, which is a matrix of tungsten or molybdenum 
and copper , and the through-metal member 163 made of copper. . 

Thus, according to the package 168 for accommodating a 
semiconductor element described above, the semiconductor 
element 171 is adhered and fixed onto the mounting portion of 
the heat releasing member 161 via the adhesive 172 made of glass, 
resin or brazing materials, and each electrode of the 
semiconductor element 171 is electrically connected to the 
predetermined wiring conductor 166 via the bonding wire 173. 
Thereafter, the lid 170 is attached to the upper surface of 
the insulating frame 165 so as to cover the mounting portion 
to seal the semiconductor element 171 in the recess 165a, and 
thus the semiconductor device 174 can be obtained as a product. 

Next, Fig, 13 is a crossrsectional view showing a package 
for accommodating a semiconductor element using the heat 
releasing member, and a semiconductor device using the. same 
according to a tenth embodiment of the invention, and shows 
another example of a package for accommodating a semiconductor 
element and semiconductor device of the invention. In Fig. 



13, reference numeral 181 denotes an insulating frame as.a frame, 
reference numeral 182 denotes a sealing resin, and reference 
numeral 183 denotes a heat releasing member. The insulating 
frame 181, the sealing resin 182 and the heat releasing member 
183 constitute a semiconductor-element-accommodating package 
188 for accommodating a semiconductor element 187. After the 
semiconductor element 187 is mounted on a mounting portion of 
the hear releasing member 183, the sealing resin 182 such as 
epoxy is injected to a recess made of the insulating frame 181 
and the heat releasing member 183 to seal the semiconductor 
element 187, and thus a semiconductor device 194 of the 
invention is formed. 

In this package 188 for accommodating a semiconductor 
element and the semiconductor device 193, the insulating frame 
181, the heat releasing member 183, and the semiconductor 
element 187 are the same as the insulating frame 165, the heat 
releasing member 161, and the semiconductor element 171, 
respectively, which have been described above. 

The insulating frame.lBt is adhered and fixed to the heat 
releasing member 183 via a brazing material 189. In the heat 
releasing member 183, the semiconductor element 187 is adhered 
and fixed onto the mounting portion in the central portion on 
the upper surface thereof via an adhesive 190. 

In the insulating frame 181, a wiring conductor 191 
extending from a recess 181a formed by the insulating frame 



181 and the heat r leasing member 183 to the outer surface of 
the insulating frame 181 is formed, and each electrode of the 
semiconductor element 187 is electrically connected to one end 
the wiring conductor 191 via a bonding wire 192. 

The heat releasing member 183 has a function of absorbing 
the heat generated with operation of the semiconductor element 
187 and dissipating the heat to the air. A through-metal 
member 185 is buried in a substrate 184 formed of a matrix of 
tungsten or molybdenum and copper, and copper layers 186 (186a, 
186b) are jointed to the upper and the lower surfaces thereof. 
Thus, the heat releasing member 183 of the package 188 for 
accommodating a semiconductor element of the invention is 
formed. 

In this embodiment, for the through-metal member 185 made 
of diamond and a silver-copper alloy, it is preferable 
regarding the constitutional ratio of the diamond and the 
silver-copper alloy that the constitutional ratio of the 
diamond is .60 to 40 mass %, and that the constitutional ratio 
of the silver-copper alloy is 40 to 60 mass %. When the 
constitutional ratio of the diamond is more than 60 mass %, 
the silver-copper alloy component that is filled between the 
diamond particles is insufficient, so that in some portions 
inside the through-metal member 185/ bonding between the 
diamond and the silver-copper alloy is insufficient. 
Therefore, a sufficiently dense component cannot be obtained, 



and consequently it tends to be difficult to transmit ' 
efficiently the heat generated in the semiconductor element 
187 through the through-metal member 165. When the 
constitutional ratio of the diamond is less than 40 mass %, 
the through-metal member 185 can be sufficiently dense inside, 
but the heat conductivity of the through-metal member 185 is 
significantly reduced, depending on the heat conductivity of 
the silver-copper alloy. As a result, it tends to be difficult 
to transmit efficiently the heat generated in the 
semiconductor element 187 through the through-metal member 
185. 

The heat releasing member 183 of the invention can be 
obtained in the following manner . Diamond and a silver-copper 
alloy are weighed in predetermined amounts to provide the 
constitutional ratio as above, and then a powder obtained by 
mixing these components is filled in the frame-like substrate 
184 formed of a matrix of tungsten or molybdenum and copper 
by pressure. The upper surface and the lower surface of the 
substrate 184 are sandwiched by the copper layers 186a and 186b, 
and sintering is performed at. a temperature of 780°C to 900°C 
in a reducing atmosphere. Thus, the heat releasing member 183 
can be obtained. At this time, the heat releasing member 183 
has a dense structure in which the surrounding of the diamond 
is filled with the silver-copper alloy in the form of a matrix, 
so that the high heat conductivity of the diamond can be 



exhibited efficiently and utilized. Thus, since the heat 
conductivity of the through-metal member 185 is sufficiently 
high, the heat generated in the semiconductor element 187 can 
be released to the air efficiently. 

In this heat releasing member 183 as well, in the copper 
layer 186 (186a), the central portion on the upper surface on 
which the semiconductor element 187 is mounted is, for example, 
polished so that the arithmetical mean roughness Ra is 0/05 
£ Ra St 30 urn. Thus, the bond strength between the copper 
layer 186a and the sealing resin 182 is satisfactory, and the 
package 188 for accommodating a semiconductor element and the 
supporting substrate are attached sufficiently so that the 
heat generated in the semiconductor element 187 can be 
transmitted efficiently from the package 188 for accommodating 
a semiconductor element to the supporting substrate. 

As shown in the plan view of the substrate 184 when the 
heat releasing member 183 is viewed from the side of the 
mounting portion in Fig. 14, the through-metal member 185 also 
is formed so as to have an outer circumference that is larger 
than the outer circumference of the semiconductor element 187 
by a thickness T of the substrate 184 of the heat releasing 
member 183, that is, an outer circumference that is apart 
outward from the outer circumference of the semiconductor 
element 187 by a thickness T of the substrate 184 over the entire 
outer circumference thereof. 



It is preferable that the thickness of the copper layers 
186 (186a, 186b) is 800 ym or less, in order to obtain sufficient 
bond strength between the substrate 184 formed of a matrix and 
the copper layers 186 (186a, 186b) . When the thickness of the 
copper layer 186a is 50 pm or more, heat generated with 
operation of the semiconductor element 187 is spread 
sufficiently in the plane direction of the copper layer 186a, 
so that the heat releasing properties of the heat releasing 
member 183 are further- improved. 

The material of the copper layers 186 (186a, 186b) joined 
to the upper and the lower surfaces of the heat releasing member 
183 is not limited to pure copper, but can be various copper 
alloys including copper as the main component, as long as it 
has good heat conductivity and provides sufficient bond 
strength with the substrate 184 formed of a matrix of tungsten 
or molybdenum and copper. 

It is sufficient that the copper layers 186 (186a, 186b) 
joined to the upper and lower surfaces of the heat releasing 
member 183 are formed at least^on the upper and lower surfaces 
of a portion in which the through-metal member 185 is buried, 
for example, in the mounting, portion for the semiconductor 
element 187 and the joint portion with the external heat 
releasing plate, and it is not necessary to cover entirely the 
upper and the lower surfaces of the heat releasing member 183. 

Thus, according to the package 188 for accommodating a 



semiconductor elem nt of the invention as described above, the 
semiconductor element 187 is adhered and fixed onto the 
mounting portion of the heat releasing member 183 via the 
adhesive 190 made of glass, resin or brazing materials, and 
each electrode of the semiconductor element 187 is 
electrically connected to the predetermined wiring conductor 
191 via the bonding wire 192, and is electrically connected 
to the external lead terminal 193 attached to the wiring 
conductor 191 for interconnection, if necessary. Thereafter, 
the sealing resin 182 is injected to the recess 181a formed 
by the heat releasing member 183 and the insulating frame 181 
so as to seal the semiconductor element 187, and the 
semiconductor element 187 is accommodated in the recess 181a. 
Thus, the second semiconductor device 194 can be obtained as 
a product. 

The invention is not limited to the above examples of 
the embodiments, and various modifications can be made within 
the scope not departing from the gist of the invention. For 
example/ in order t'p dissipate heat generated in the 
semiconductor element from the heat releasing member to the 
air, a heat releasing fin can be connected to the copper layer 
joined to the lower surface of the substrate and the 
through-metal member of the heat releasing member, or a heat 
releasing fin can be integrated to the heat releasing member 
by joining the heat releasing fin with brazing or the like. 



Thus, the functions that the heat generated with operation of 
the semiconductor element is absorbed by the heat releasing 
member and dissipated to the air can be improved further. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive) 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all changes 
which come within the meaning and the range of equivalency of 
the claims are therefore intended to be embraced therein. 

As described in the embodiments of the invention, the 
insulating frames are used as a frame. Instead of the 
insulating frames, other frames such as metal frames may be 
used as a frame. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be 
considered'in all respects" as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all changes 
which come within the meaning and the range of equivalency of 
the claims are therefore intended to be embraced therein. 
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